Safety attributes of lactic acid bacteria isolated from fermented sausages. by Xiraphi, Polyhronia.
o8703909
UNIVERSITY OF SURREY LIBRARY
ProQuest Number: 10131127
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10131127
Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
Safety attributes of lactic acid bacteria isolated 
from fermented sausages
Polyhronia Xiraphi 
2009
A thesis submitted in accordance with the requirements of 
the University of Surrey for the degree of Doctor of
Philosophy
Microbial Sciences Group, Faculty of Health and Medical 
Sciences, University of Surrey, Guildford, Surrey, GU2 7XH
Polyhronia Xiraphi 2009
Contents
A b s tra c t................................................................................................................... 5
A cknow ledgem ents................................   6
CHAPTER 1 ............................................................................................................7
1. Fermented sausages...................................................................................7
1.1 In troduc tion .............................................................................................7
1.2 Classification of ferm ented s a u s a g e s .............................................. 8
1.3 Ingredients and  additives for ferm ented sa u sa g e s .................... 10
1.4 Chopping u p ......................................................................................... 12
1.5 Filling....................................................................................................... 12
1.6 Ripening.................................................................................................. 13
1.7 S tarter cu ltu res for ferm ented s a u sa g e s ......................................15
1.7.1 Lactic acid bacteria ....................................................................... 18
1.7.1.1 Acidification............................................................................. 18
1.7.1.2 Nitrate and nitrite reductase .............................................. 21
1.7.1.3 C atalase ...................................................................................22
1.7.1.4 Aroma form ation .................................................................... 22
1.7.2 Micrococcaceae..............................................................................24
1.7.3 Y ea sts ............................................   24
1.7.4 M oulds ............................................................................................. 25
1.8 Microbiology of ferm ented sa u sag es .............................................. 25
1.9 B acteriocins.......................................................................................... 29
1.9.1 Introduction.....................................................................................29
1.9.2 Bacteriocins o f Gram-Negative B acteria ................................. 30
1.9.3 Bacteriocins o f Gram-Positive Bacteria ....................................31
1.9.4 Bacteriocins and Food Preservation ........................................ 33
CHAPTER 2 ............................   36
2. General Materials and Methods ........................................................ 36
2.1 Characterization of the  microbial flora from a  trad itional Greek 
ferm ented s a u sa g e ..................................................................................... 36
2.1.1 Preparation o f sausages and sampling schedu le .................36
2.1.2 Microbiological ana lysis ...............................................................38
2.1.3 Isolation and characterization o f lactic acid bacteria  39
2.2 Screening of the isolated stra ins for the production of 
b ac terioc in .................................................................................................... 41
2.2.1 Laboratory experiments, using indicator microorganisms to 
evaluate the ability o f  the isolates to produce bacteriocins 41
2.3 Purification and  characterization of the bacteriocin, produced 
by Leuconostoc m esenteroides E l 31 ......................................................42
2.3.1 Bacteria strains and growth conditions...................................42
2.3.2 Determination o f bacteriocin activ ity ....................................... 42
2.3.3 Growth and bacteriocin production k ine tics .......................... 43
2.3.4 Purification o f the bacteriocin  ............................................... 44
2 .3 .5  SDS-PAGE....................................................................................... 45
2.3 .6  Protein concentration determ ination ........................................ 45
2 .3 .7  Effect o f p H  on bacteriocin activity ...........................................45
2.3.8 Effect o f temperature on bacteriocin activity.......................... 46
2.3 .9  Effect o f enzym es on bacteriocin activity ................................ 46
2.3.10 PCR amplification and sequencing o f the bacteriocin gene  
...................................................................................................................... 47
2.3.11 Expression in vitro o f the bacteriocin g e n e .......................... 47
2.4 Purification and  characterization of curvaticin  L442, a  
bacteriocin produced by Lactobacillus curvatus L 442 ..................... 48
2.4.1 Bacteria strains and growth conditions...................................48
2.4.2 Purification o f the bacteriocin .................................................... 49
2.4.3 N-terminal amino acid ana lys is .................................................50
2.4.4 MS a n a lys is ...................................................................................50
2.5 Industrial t r ia ls .................................................................................... 50
2.5.1 Bacteria strains and growth conditions...................................50
2.5.2 Preparation o f sa u sa g e s  ........................................................51
2.5.3 Sampling schedule ........................................................................ 54
2.5.4 Microbiological sampling and ana lysis ....................................54
2.5 .5  Sensorial a n a ly s is ........................................................................ 56
2.5 .6  Lb. sakei 1154 domination in ferm ented  sa u sa g es ...............56
CHAPTER 3 ......................................................................................................... 58
3. Isolation of laCtiC aCid baCteria from sausages.......................... 58
3.1 In troduction .......................................................................................... 58
3.2 Results and  d iscussion ...................................................................... 59
3.2.1 Microbiological and chemical a n a ly s is ....................................59
3.2.2 Identification o f  the isolated lactic acid bacteria .................. 68
Lb. curvatus .......................................................................................  70
3.2.3 Phenotypic characterization o f the isolated lactic acid 
bacteria ............................................   71
CHAPTER 4 ........   75
4. SCreening of the isolated strains for  the produCtion of
BACTERIOCINS AND THEIR PURIFICATION ....................................................... 75
4.1 Laboratory experim ents, using  indicator m icroorganism s to 
evaluate the ability of the  isolates to produce bacterioc ins 75
4.1.1 R esu lts ..............................................................................................75
4.2 Purification of bacteriocin produced by Lc. mesenteroides 
E 1 3 1 ................................................................................................................78
4.2.1 Introduction.................................................................................... 78
4.2.2 R esu lts ............................................................................................. 80
4.2.2.1 Kinetics o f  growth and bacteriocin production ...............80
4.2.2.2 Purification o f  the bacteriocin............................................. 81
4.2.2.3 Molecular weight determ ination ........................................ 82
4.2.2.4 Effects o f pH, temperature and enzym es on bacteriocin
activity .............................................   83
4.2.2.5 Gene sequencing   ..................................................... 85
4.2.2.6 Expression a n a ly s is ..............................................................86
4.3 Purification of cu rv a tic in   ........................................................ 91
4.3.1 Introduction..................................................................................... 91
4.3.2 R esu lts ..............................................................................................93
4.3.2.1 Kinetics o f growth and bacteriocin production ...............93
4.3.2.2 Effects o f  pH, temperature, and enzym es on bacteriocin 
activity ...................................     93
4.3.2.3 Purification o f  the curvaticin L442 ..................................... 96
4.3 .2A  Molecular weight determ ination ...................................... 101
4.3.2.5 N-terminal amino acid sequencing and MS analysis... 102
4.3.3 Discussioii,..................................................................................103
CHAPTER 5 ....................................................................................................... 106
5. PraCtiCal trials with baCterioCin starters and semi-purified
BACTERIOCIN AND DEVELOPMENT OF STANDARD OPERATION PROCEDURES
(SO Ps)...............................................................................................................106
5.1 Practical tria ls with bacteriocin sta rte rs and  sem i-purified 
bacterioc in .................................................................................................. 106
5.1.1 Introduction...................................................................................106
5.1.2 Results and d iscussion ..............................................................108
5.1.2.1 Microbiological and chemical a n a lys is ...........................108
5.1.2.2 Sensorial ana lys is ................   115
5.1.2.3 Lb. sakei 1154 domination in ferm ented  sausages ... 116
5.1.2.4 Microbiological analysis o f  the sliced and MA-packaged 
products ................................................................................................116
5.1.3 Conclusions..................................................................................118
5.2 Development of the  S tandard  Operation Procedure (SOPs). 121
5.2.1 Introduction...................................................................................121
5.2.2 A ppendix ........................................................................................123
A ppendix a) Basic raw materials characteristics ......................... 123
A ppendix b) Secondary raw materials characteristics................125
A ppendix c) Bacteriocin producing cultures ....................................129
A ppendix d) Semi-purified bacteriocins...........................................130
A ppendix e) Mixture characteristics..................................................131
A ppendix f)  Production stages characteristics............................... 133
A ppendix g) Final product characteristics (at the end o f
production)...............................................................................................136
Appendix h) Early signs o f unacceptable product......................... 137
C o n c lu s io n s....................................................................................................... 138
References...........................................................................................................139
Publications and  p a p e r s .................................................................................162
Abstract
Lactic acid bacteria (LAB) were isolated during the production and the 
ripening of Greek dry fermented sausages. Samples were taken at different 
stages, and 150 Svild’ strains were isolated. The majority of the strains 
isolated were assigned to the species Lactobacillus plantamm  biotype (1) 
(43.3 %) followed by Lb. curvatus, Lb. pentosus (10.7 %), Lb. brevis biotype (1) 
(8.7 %), Lactococcus lactis subsp. lactis bio type (1) (6.7 %) and Leuconostoc 
mesenteroides subsp. mesenteroides bio type (2) (5.3 %). The possibility of 
bacteriocin production was tested using the agar well diffusion assay 
(AWDA). One strain was found to produce bacteriocin {Leuconostoc 
mesenteroides E131) and its purification was attempted using precipitation 
with ammonium sulphate, cation exchange, and reverse phase 
chromatography. Moreover, the purification of curvaticin L442 was 
attemped, a bacteriocin produced by Lactobacillus curvatus L442, isolated 
from Greek traditional fermented sausage prepared without addition of 
starters. The bacteriocin was purified by 50% ammonium sulphate 
precipitation, cation exchange, reverse phase and gel filtration 
chromatography. Lb sakei 1154, a  bacteriocin producing strain isolated from 
Italian fermented sausage, and the semi-purified bacteriocin from 
Leuconostoc mesenteroides E131 were validated via industrial trials to 
evaluate whether the product (fermented sausages) maintains the 
technological characteristics and the traditional quality characteristics. 
Three fermentations under controlled conditions were conducted and at the 
end of these fermentations, products were sliced and packaged under 
controlled atmosphere (80% Ng + 20% CO2) and stored at 4±2 °C for 12 
weeks to determine the shelf life of the product. Finally, from the previous 
industrial trials the proper production parameters were determined as well 
as the most effective packaging techniques, resulting in the conduction of a 
Standard Operation Procedures Guide concerning the whole production of 
traditional fermented sausages.
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Chapter 1
1. Fermented sausages
1.1 Introduction
Drying, ferm entation and  sm oking are probably the  oldest forms of 
preservation (Bacus, 1984; Sm ith, 1987; Roca and  Incze, 1990). These 
preservation m ethods are several th o u san d s of years old. Sm ith (1987) 
m akes reference to Homer's O dyssey, ca. 900 b c , and  sausages of the 
old Rom an Empire. Leistner (1986a) m entions th a t ‘sausage', as such, 
is an  ancient word in m any languages. Thus, Wurst is an Indo- 
Germ anic word, probably derived from Latin, m eaning ‘to tu rn ' or ‘to 
tw ist’. Sausage is also well know n as Kolbasa in Slavic, derived from 
Hebrew, m eaning ‘all k inds of m eats'. The origin of the  word salam i 
seem s uncertain . Leistner (1986a) says th a t it is derived from Latin, 
simply m eaning ‘sa lt’, w hereas B acus (1984) claim s th a t it derived 
from the nam e of the city Salam is on Cyprus. According to the 
definition given by Cam pell-Platt (1987), a  food is term ed ‘ferm ented’ if 
it ‘h a s  been subjected to the  action of m icroorganism s or enzymes so 
th a t desirable biochemical changes cause significant m odification of 
the  food'. This applies to m ost types of raw sausages and  raw  ham . 
Ferm ented sausages are defined as ground m eat mixed well with salt 
and  curing agents, stuffed into casing and  subjected to a  ferm entation 
process in which m icroorganism s play a  crucial role.
Ferm ented sausages probably originated in the  M editerranean 
although there are few trad itional ferm ented m eat p roducts in Asian 
and tropical countries w ith‘iVham' (the ferm ented pork sausage of 
sou th -east Asia) being an  exception (Adams, 1986). The Chinese 
sausage of the  %up Cheong' type is a  dried, b u t not ferm ented m eat 
p roduct (Zeuthen, 1995). The Rom ans knew th a t ground m eat with 
added salt, sugar and  spices tu rn s  into a  palatable product with a 
long shelf life if prepared  and  ripened properly. It seem s th a t the  a rt of
sausage production, in m ost cases, can be traced back  to sou thern  
Europe, where it first spread  to other European countries. Z euthen 
(1995) th u s  m entions th a t the  m ost well-known cured and  ferm ented 
G erm an sausages, probably first produced by Italians, are only ca. 
250 years old, and  the  H ungarian salam i is no m ore th a n  150 years 
old. Apparently, the  norm al w inter climate in the  M editerranean 
countries, with its m oderate tem pera tu res and frequent rainfall, is 
favourable for sausage ripening. Adams (1986) w rites th a t the 
E uropean em igrants estab lished  production in the USA, South 
America and  A ustralia, and  the  knowledge about ferm ented sausages 
in the  Seychelles, the  Philippines and  P apua New G uinea is the  resu lt 
of E uropean influences, although food ferm entation as  such  is well 
known. As late as 1971, the  m anufactu re  of ferm ented sausage was 
described as ‘an  a rt ' (Zeuthen, 1995).
Nowadays, m ore th an  700000 t are produced and  consum ed within 
the  EEC and  EFTA countries each year, particularly in Germ any, Italy, 
Spain and  France (Lücke et al., 1998). In the United S tates, about 
153000 t semi dry sausages were produced in USDA-certified p lan ts 
in 1981 (Adams, 1986).
1.2 C lassification  o f  ferm ented sausages
The official classification of ferm ented sausages varies from country to 
country  (Adams, 1986). The classification may be based  on m oisture 
content, protein content, m o istu re / protein ratio, weight loss, etc. 
From a  microbiologist's point of view (Lücke, 1998), ferm ented 
sausages are best subdivided on the basis of w ater activity (aw) and 
surface trea tm en t (Table 1.1). Sausages with aw between 0.90 and  0.95 
are term ed ‘semi dry', and  those with aw below 0.90 as ‘dry’.
Table 1.1 Classification of fermented sausages (Lücke, 1998) 
Category Ripening Final aw Smoked
times
Dry, mould- 
ripened
Dry, mould- 
ripened
Dry, no mould- 
growth
>4 weeks <0.90 No
>4 weeks
>4 weeks
<0.90
<0.90
Yes (during 
fermentation)
Yes or no
Semi dry, mould- <4 weeks 0 .90-0.95 No
ripened
Semi dry, no 
mould growth
10-20 days 0.90-0.95 Yes (with 
exceptions)
Undried
spreadable
<2 weeks 0.90-0 .94 Yes or no
Examples
Genuine 
Italian 
salami; 
French 
saucisson sec
Genuine
Hungarian
salami;
German
‘Dauerwust’
Various 
French and 
Spanish raw 
sausages
Most
fermented 
sausages in 
Germany, 
Scandinavia, 
The
Netherlands, 
USA, etc.
German
‘Streichmett-
wurst’
Spanish
‘sobrasada’
Additional criteria for classification include the casing diam eter, the 
degree of com m inution of the  ingredients, the  anim al species u sed  for 
obtaining the  raw  m aterial, the  fat content and  type of tissue  used , the 
spices, seasonings and  o ther non-m eat ingredients used.
Z euthen (1995) also defines ferm entation as the production of lactic 
acid, b u t he u ses  the term  ‘ripening’ to refer to all the  chemical, 
physical, microbiological and  enzymic changes taking place in the 
sausage and  which the  tem pera tu re  and  hum idity are controlled.
Adams (1986) explains th a t in the USA, ferm ented sausages are 
divided into two categories: dry and sem i-dry or ‘new condition’ 
sausages. Originally these were defined in term s of the  weight loss 
th a t occurred during processing or the final w ater content of the 
product. However, since the  initial w ater content of the  sausage
preparation  will vary according to the type and quantity  of m eat 
tissues used , protein ratio, as an  alternative system  of classification 
w as used .
Finally, a  type of classification in which the time for ferm entation 
and  ripening is considered, was proposed by Roca and  Incze (1990) 
(Table 1.2).
Table 1.2 Classification o f sliceable fermented sausages (Roca and Incze, 
1990)
Category Ripening
times
Water
content
(%)
Final aw Examples
Spreadable 3-5 days 34-42 0.95-0.96 Tee wurst, Frische, 
Mettwurst
Sliceable
Short ripening 1-4 weeks 30-40 0.92-0.94 Dry and/or semi dry 
sausage
Long ripening 12-14 weeks 20-30 0.85-.086 Hungarian salami, 
Italian salami
1.3 Ingredients and add itives for ferm ented sausages
For the  m anufactu re  of typical dry ferm ented sausages, lean m eat (55- 
70%), and  fatty tissue  (25-40%), are com m inuted, mixed with curing 
sa lts  3%, ferm entable carbohydrate  (0.4-2.0%), spices and  flavouring 
0.5%, and  stai'ter, acidulant, ascorbic acid, e.t.c. 0.5%.
Lean m eat, th a t is m am m alian (sometimes poultry) skeletal m uscle 
tissue, is usually  used. In Germ any, ferm ented sausages contain pork 
and  beef, while H ungarian and  Italian salam is are m anufactured  from 
pork only, and  T urkish  ‘soud jouk’ from beef only, often in conjunction 
with fatty tissue  from selected sheep breeds. There is a  sm all b u t 
expanding m arket from ferm ented sausages m ade from poultry m eat, 
and  local specialities m ay contain  m utton. Obviously, eating hab its, 
religious trad itions and  m eat prices determ ine the  anim al species. 
From a technologist’s point of view, the suitability of m eat for
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ferm ented sausage production depends on its final pH, its water- 
holding capacity and  on the  desired intensity  of the  curing colour 
(Lücke, 1998).
Firm pork back fat is m ost frequently used  for high-quality dry 
sausages. Sausages containing beef tallow or other fatty tissue  from 
rum inan ts  are less acceptable organoleptically. For the  production of 
dry ferm ented sausages for long-term  storage, the fat m u st have a  
high m elting point and  accordingly, a  low content of u n sa tu ra ted  fatty 
acids.
Ferm entable carbohydrates are added to raw  sausage m ixture in 
order to inhibit the  growth of undesired  bacteria. For m ost European- 
style, sem i-dry sm oked sausages, the  target pH, after ferm entation is 
4.8-5.0, ensuring  a  satisfactory microbiological stability and  a  rapid  
increase in firm ness (Lücke, 1998). To achieve th is , 0.4-0.8%  of 
rapidly ferm entable carbohydrates (e.g. glucose) are u sually  added. 
The additions of 0.3% glucose or saccharose to the  raw  sausage 
m ixture are considered to be the optim um  in G erm any for slow 
ferm ented products and  0.5-0.7%  in the case of quick ferm ented 
sausages. At ferm entation tem pera tu res of less th a t 15 °C, it is less 
im portan t to add sugar. In Italy, the salam i is generally ferm ented in 
low tem peratures. The u se  of sugars in raw  sausage in Italy was not 
perm itted for a  long tim e b u t now a  sm all quantity  is regarded as 
useful. In countries where regulations perm it such  additives, quite 
large am ounts of lactose (or m ilk powder) or s tarch  (e.g. potato flour) 
are som etim es added to raw  sausage m ixtures.
Usually 2.4-3.0%  sodium  chloride, sodium  nitrite  (not > 150 
m g/kg), sodium  ascorbate (usually 300-500 m g/kg) and  potassium  
n itra te  (200-600 m g/kg) are added to raw  sausage m ixture. They 
contribute to the taste , colour, safety, stability and  tex ture of the 
product. In m any countries, such  as USA, nitrite and  n itra te  are used  
together in raw  sausage. This is not allowed in Germany. Pure n itra te  
curing is also allowed for raw  sausage in Germany, b u t only in 
p roducts th a t are ferm ented for more th an  four weeks (Lücke, 1998).
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In all types of ferm ented sausages, green pepper (0.2-0.3%) is 
added. O ther spices commonly used  include paprika, garlic, m ace, 
pim ento and  cardam on. Specialities, such  as the  S panish  chourico, 
may contain m ore th a n  2% paprika  (Leistner, 1995). The spices 
stim ulate the  rate  of lactic acid form ation due to m anganese, which 
they contain. M anganese is required by lactic acid bacteria  for various 
enzyme activities, including the  key enzyme of glycolysis, fructose-1-6- 
d iphosphate aldolase (Kandler, 1983). Some spices (garlic, rosem ary, 
sage) contain powerful an tioxidants and  may th u s extend the shelf life 
of dry sausages. O ther ingredients, which m ay be included, are 
glucono-6-lactone which improves acidulation by slowly hydrolysis to 
produce glyconic acid.
1.4 Chopping up
In order to keep the  tem pera tu re  as low as practical during grinding, 
m eat is chilled or partially frozen before it is com m inuted in a  m eat 
grinder or cu tter. In G erm an raw -sausage technology, the  cu tter h as 
become the established m eans of chopping. In Italy and  in France, 
they prefer to chop u p  the  raw  sausage mix in the grinder (Leistner, 
1995). Curing salts, carbohydrates and  seasoning are then  mixed in. 
Fatty tissue  is com m inuted in the  frozen sta te  and th en  added to the 
m ixture. The size of the  particles in the  sausage determ ines the 
product type: in Germ any, for instance, raw  dry sausages with large 
particles are nam ed ‘P lockw urst’, while those with very sm all particles 
are nam ed ‘Cervelatw ust’.
1.5 Filling
It is im portan t to remove as m uch  oxygen from the m ixture as 
possible before it is filled into casing because oxygen interferes with 
the  form ation of the  desired colour and  flavour. This is achieved by 
vacuum -filling devices or by forming the m ixture into a  firm, round
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ball which is then  placed into the  filler. The tem pera tu re  of the 
m ixture, during filling, should no t exceed 2 °C. N atural casing as well 
as casing m ade from modified collagen a n d /o r  cellulose are m ost 
frequent used . They m u st allow evaporation of w ater from the 
sausages and  penetration  by the  sm oke as well as  they m u st follow 
the shrinkage of the  sausage during  drying. For undried  products, 
synthetic casings are  also used.
The diam eter of the  casings u sed  can vary considerably. For 
spreadable raw  sausages, 35 m m  diam eter artificial casing are 
generally used , w hilst sliceable raw  sausages are usually  in skins of 
65-90 m m  diam eter in G erm any (Leistner, 1995).
1.6 R ipening
Even in  the  ripening conditions (tem perature, relative air hum idity, air 
velocity) there is a  great variety of technologies th a t are  u sed  in the 
production of ferm ented sausage. In particu lar, the  tem pera tu re  and  
time of ferm entation differ widely for the  various products. It is 
generally true  to say th a t the  higher the  tem perature, the  shorter the 
ferm entation time.
To avoid m oisture condensation  on the sausage surface, the 
sausages are first equilibrated to the  ripening tem pera tu re  a t low 
relative hum idity  (RH) before entering the  ripening cham ber. For dry 
sausages with long shelf life and  for m ould-ripened sausages, 
ferm entation tem pera tu res are u sually  below 22 °C. H ungarian 
‘téliszalâm i’ (‘winter sa lam i’; Lücke, 1998) or certain  regional 
specialities in G erm any are ferm ented a t even lower tem pera tu res (8- 
12 °C). Undried and  sem i-dry sausages are usually  ferm ented a t 22- 
26 °C, and  for Am erican-style sem i-dry sausages, even higher 
ferm entation tem pera tu res along with shorter ferm entation tim es are 
applied. The higher the tem perature , the  more rapid  the ferm entation, 
b u t if the  ferm entation is no t strictly controlled the risk  of growth of 
undesired  m icroorganism s is higher. During ferm entation, the  RH in
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the  ripening cham ber should  be 5-10% lower th an  the RH within the 
sausages (Stiebing and  Rodel, 1988), i.e. about 85-90% , and  the  air 
velocity abou t 0.4 m /s . Some sm oke can be applied during the 
ferm entation period b u t it m u st no t inhibit the ferm entation process.
After ferm entation, raw  sausages are treated  in various ways. If the 
developm ent of m oulds and  yeasts on the sausage surface during 
drying or storage are to be prevented, the  sausages are sm oked more 
heavily a t the  end of the  ferm entation period. Smoke is generated by 
the controlled com bustion of wood a t about 350-600®C. At higher 
tem pera tu res, increasing am oun ts of polycyclic arom atic hydro­
carbons are formed. Smoke contains phenols, carbonyl com pounds 
and organic acids of low m olecular weight, and  m any of these  
constituen ts have antim icrobial activity. The preservation of ferm ented 
sausage is also assisted  by antioxidative phenol derivatives p resen t in 
the smoke.
Finally, sausages are usually  aged a t 12-15 °C. The RH and  air 
velocity during ripening should  ensure  a  slow b u t steady drying of the 
sausages and prevent excessive m ould growth on the surface. D uring 
ageing, the  RH in the  cham ber is gradually lowered, depending on the 
pH and  aw of the  product. During ferm entation, the  RH is ad justed  to 
about 10% below the equilibrium  RH of the sausages. Once the  pH is 
below 5.3, protein solubility is so low th a t a  gel is formed a round  m eat 
and  fat particles. This leads to a  sharp  increase in firm ness and 
facilitates the  removal of water, so th a t the RH gradient between the 
cham ber and  the product m ay be steeper (Stiebing and  Rodel, 1990). 
A sufficient m ovem ent of air (ca. 0.1 m /s) during ageing ensu res 
hom ogeneous drying and  the  absence of wet patches on the sausages 
(Lücke, 1998).
In Italy, Milan salam i is dried for 4-10 hours (according to the 
diameter) a t 22 °C and  70-80%  relative air hum idity (RH) and  then  
dried for three to four days a t 20 °C and  80 to 90% RH. Thereafter the 
sausages are p u t into the  ferm enting rooms th a t are kept a t no more 
th an  15 °C and  approxim ately 80% RH. A phased  shifting of the
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relative hum idity  from 80 to 88% and  again to 80% RH is regarded as 
beneficial for optim um  drying. Ferm enting takes u p  to six m onths, 
because only then  the  raw  sausages will achieve their full arom a. In 
France, a  sim ilar technology with Italy is u sed  for raw -sausage 
ferm entation.
Unlike the Italian and  French raw  sausage, the raw  sausages in 
H ungary (‘w inter salam i’) and  Rom ania (‘H erm annstad ter sa lam i’) are 
lightly sm oked for about two weeks a t the  s ta rt of ferm entation, before 
m ould colonisation. As in Italy, the  w inter salam i in H ungary is kept 
a t tem pera tu res below 15 °C for m ost of the ferm entation period, 
which takes 90-100 days. This also applies during sm oking.
1.7 Starter cu ltures for ferm ented sausages
Excellent ferm ented sausages can be m anufactured  w ithout addition 
of s ta rte r cu ltu res or re-inoculation with finished sausages, because if 
appropriate ripening conditions are m aintained  the desirable ripening 
bacteria  th a t occur na tu ra lly  in the  raw  m aterial have a  selective 
advantage and  bring abou t preservation as well as the desired sensory 
properties (appearance, smell, tas te , texture) of the  ferm ented 
sausages. Even so, the  u se  of s ta rte r cu ltu res in raw sausage is on the 
increase and  a t p resen t there  are over 50 sta rte r cu ltu res p reparations 
available in w estern  G erm any from roughly 10 producers (Jessen, 
1995). These s ta rte r  cu ltu res are u sed  mainly with a  view to the 
stability, s tandard isa tion  and  safety of production. Although a pa ten t 
was issued  as early as 1940 to Je n se n  and  Paddock for the use  of 
lactobacilli as s ta rte r cu ltu res for ferm ented sausage, the 
breakthrough in the  USA in the  u se  of sta rte r cu ltu res for raw  
sausage was achieved as a  resu lt of the  work of Niven et al., (1959). In 
Europe the sem inal work of Nurmi (1966) helped the s ta rte r cu ltu res 
to m ake their b reakthrough. S tarter cu ltu res are particu larly  useful 
for quick-ripened ferm ented sausages and their u se  as protective
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cu ltu res is generally on the  increase in m eat products and  not only in 
raw  sausage.
S tarter cu ltu res should be regarded as any other food additives, i.e. 
they should  be GRAS-approved. The legislation varies from country  to 
country b u t only a  few countries dem and official perm its for the use  of 
specific s ta rte r cu ltu res. Among these is D enm ark which requires a  
m ethod of identification together with toxicological and  virulence tests. 
In some countries, lists are subm itted  specifying genes or species 
perm itted as s ta rte r cu ltu res w hereas other countries are  w ithout any 
regulation.
R equirem ents for s ta rte r cu ltu res have been d iscussed  in 
publications (Hammes, 1987) b u t no official definition exists. The 
following criteria should  be regarded as fundam ental for a  standard :
Health aspect
• Only non-toxic and  non-pathogenic should be used
• The s ta rte r cu ltu re  should be free from any m icrobial or 
chem ical im purities th a t m ay cause health  risks
Technological performance
• The s ta rte r s tra in  should  possess activities th a t control the
ferm entation, i.e. control acidification, affect flavour and  colour 
development in a  positive way and  increase the microbial stability of 
the p roduct
• The s ta rte r s tra in  should  be phage-resistan t in  order to
perform optimally during ferm entation
• The s ta rte r cu ltu re  should not contain chem ical or microbial
com ponents th a t inhibit or prevent m anufacture
• The s ta rte r cu ltu re  should  not break  down into amino acids
either into pharm acologically active am ines (e.g. histam ine) or into 
hydrogen sulphide
• The s ta rte r cu lture should  consist of s tra in s th a t are
phenotypically and  genetically stable
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The m icroorganism s used  for m eat ferm entation consist of a group 
of lactic acid bacteria  (Lactobacillus, Pediococcus) p lus the 
Micrococcaceae (Staphylococcus, Micrococcus), Streptomyces, 
Debaryomyces and  Pénicillium. The bacteria  are usually  u sed  in the 
form of com pound p reparations of lactic acid bacteria  and 
Micrococcaceae to inoculate the  raw  sausage mix, to which yeasts also 
m ay be added. The m oulds are u sed  to inoculate the surface of the 
ferm ented sausages. The roles and  the benefits from the 
m icroorganism s available as s ta rte r cu ltu res are compiled in Table 
1.3.
Microbial group Starter cultures Desired metabolic 
activities
Benefits in sausage 
ripening
Lactic acid 
bacteria
Lb. plantamm  
Lb. pentosus 
Lb. sakei 
Lb. curvatus 
P. pentosaceus 
P. acidilactici
Formation of 
lactic acid
Inhibition of pathogenic 
and spoilage bacteria; 
acceleration of colour 
formation and drying
Catalase- 
positive cocci
St. camosus 
St. xylosus
Nitrate reduction Colour formation and 
stabilization
M. varians Nitrite reduction 
Oxygen 
consumption 
Peroxide 
destruction 
Formation of 
carbonyls and 
esters
Removal of excess 
nitrite, delay of 
rancidity, colour 
stabilization
Aroma and flavour 
development
Yeasts
Moulds
Deb. hansenii 
Candida famata
Pen. nalgiovanse 
Biotypes 2,3,6;
Pen. chrysogenum
Oxygen
consumption
Surface
colonization
Oxygen
consumption
Lactate oxidation,
degradation of
proteins
Delay of rancidity, 
colour stabilization 
Aroma and flavour 
development 
Suppession of undesi­
red moulds; facilitation 
of drying
Delay of rancidity, 
colour stabilization 
Aroma and flavour 
development
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1.7.1 Lactic acid bacteria
Lactobacillus and Pediococcus are the  two genera used  for acidification 
of ferm ented sausages. According to Ham m es et al. (1985) five species 
are in use: Lactobacillus p lan tam m , Lactobacillus sakei, Lactobacillus 
curvatus, Pediococcus pentosaceus  and  P. acidilactici and  Lactobacillus 
pentosus.
Lactobacillus sakei and  Lactobacillus curvatus are technically more 
suitable to com pete a t traditional ripening tem peratures b u t because 
of their tendency to produce hydrogen peroxide, the  Pediococcus 
species and  Lactobacillus p lan tam m  are  the preferred organism s 
(Lücke and  H echelm ann, 1987). Pediococci are rarely isolated as p art 
of the indigenous flora of sausages, b u t due to their ability to survive 
during lyophilisation, they are frequently used  and  have become 
alm ost the  only species u sed  on the  USA m arket (Hammes et al.,
1990). Nevertheless, even if pediococci are added to the m eat a t 
adequate levels, they tend  to die off during ferm entation. This is a  
phenom enon th a t m ay cause the  growth of undesirab le  lactic acid 
bacteria  am ong the  spon taneous flora a t the expense of the s ta rte r 
cu ltu re  (Hammes et al., 1990).
1.7.1.1 Acidification
The lactic acid bacteria  u sed  as m eat sta rte r cu ltu res are preferably 
hom oferm entative. They decom pose glucose and hexose phosphates 
with gluco-configuration th rough  the  Em bden-M eyerhof-Parnas (EMP) 
pathw ay with lactate  as the sole end-product (Kandler, 1983; Lücke 
and  Hechelm ann, 1987). Glucose is degraded into two pyruvate 
moieties which are fu rther converted into lactate by lactate 
dehydrogenase. Lactic acid bacteria  produce either d l - ,  d ( -) or l ( +  )-  
lactic acid. Some organism s produce d ( - )- lactic acid exclusively, 
w hereas organism s producing l (+  )-lactic acid always form sm aller 
am ounts of d ( - )-lactic acid (Gottschalk, 1985).
18
Due to a  decreased w ater-binding capacity of the m eat proteins, the 
acidification accelerates drying out, and  th u s  shortens the  processing 
time. The flavour of sausages, ferm ented with a  single stra in  of lactic 
acid bacteria, is characterized by a  sharp  tangy tas te  caused  by lactic 
acid (Jessen, 1995). In order to obtain a  sufficient acidification, 
sausage recipes should  always contain glucose, which is easily 
m etabolised. In addition, the  recipes m ay also include more complex 
carbohydrates such  as dextrin, corn syrup and  starches. However, the 
decom position of these  carbohydrates is slow and  h as  no practical 
significance for the acidification if simple carbohydrates are p resen t 
(Bacus and  Brown, 1985).
Even though hom oferm entative lactobacilli are preferred for u se  in 
sausage m anufacturing , all commercially available cu ltu res belong to 
the group of facultatively heteroferm entative lactobacilli (Kandler and  
Weiss, 1986). In addition to the  enzyme aldolase necessary  in the  EMP 
pathw ay (glycolysis), they also possess phosphoketolase which 
decom poses pentoses leading to form ation of lactate, acetate  and 
carbon dioxide. Usually the  carbohydrates are m etabolised via 
glycolysis. However u n d e r certain  conditions, the heteroferm entative 
pathw ay is activated, resu lting  in undesirab le  flavour com ponents.
Kandler (1983) h a s  given a  detailed description of the  carbohydrate 
m etabolism  of Lactobacillus. Most lactic acid bacteria  have specific 
perm eases for the up take  of saccharides and  oligosaccharides. Inside 
the cell, glycosidases split the oligosaccharides, and  finally the 
m onosaccharides are phosphorylated and  metabolized th rough  the 
EMP pathway.
Lactose is one of the  d isaccharides frequently u sed  in ferm ented 
sausage. Lactobacilli take up  lactose which is split into galactose and  
glucose by m eans of (3-galactosidase. Galactose is converted into 
glucose 6 -phosphate  th rough  the  Leloir pathw ay and  together with 
glucose ferm ented via glycolysis.
Lb. plantarum  is reported to oxidise lactic acid into acetate and  
carbon dioxide u n d er aerobic conditions (Kandler, 1983). The
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hom oferm entative lactobacilli u n d e r aerobic conditions produce 1.1 
mole lactic acid, 0.4 mole acetic acid and  m inor am oun ts of acetoin 
from 1 mole glucose. Lb. curvatus and  Lb. sakei u se  oxygen to form 
hydrogen peroxide (H2O2) and  pyruvate of which the form er increases 
the risk  of discoloration (Kandler, 1983).
It is p resum ed th a t superoxide (O2 ) is an  in term ediate in the H2O2 
form ation. One way of avoiding the scavenging effect of O2 is the 
action of superoxide d ism utase. However, it h as been dem onstra ted  
th a t Lb. plantarum , for exam ple, does not contain th is  enzyme. 
Instead, the  lactic acid bacteria  u se  Mn^+ as an  O2 scavenger and th is 
m ay explain the  high m anganese requirem ents since the m anganese- 
dependent enzym es are sa tu ra ted  a t m uch lower concentrations 
(Kandler, 1983). Among the  enzyme system s stim ulated by m anganese 
are pyruvate k inase and  other enzym es in the EMP pathw ay p lus 
enzymes in the heteroferm entative pathw ay. M anganese in ferm ented 
sausages h as  also been dem onstra ted  to lead to an  accelerated pH 
drop (Raccach and  M arshall, 1985).
Even in anaerobic environm ents, it h as  been show n th a t 
Lactobacillus m ay switch from a  hom oferm entative to a  
heteroferm entative m etabolism  upon  glucose depletion (Borch et al.,
1991). As a  consequence, end-products change from lactate  to form ate 
and  acetate  and  sm all am oun ts of ethanol.
Further, glucose depletion leads to a  change in am ino acid profiles. 
The decrease in su lphur-con ta in ing  am ino acids resu lts  in an  increase 
in total sulphide (Borch et al., 1991). These reactions influence the 
flavour profile of the sausages.
Under aerobic conditions. Lb. p lantarum  produces less acetic acid 
and more lactic acid, w hereas high salt concentrations un d er 
anaerobic conditions do not change the ratio between lactic acid and  
acetic acid b u t merely reduce the  to tal acid production.
Through the form ation of acid, lactic acid bacteria  produce 
antibiotic-like substances (bacteriocins) and  so they act as  protective 
cultures. Schillinger and  Lücke (1989) isolated a  Lactobacillus sakei
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strain , which forms a  plasm id-coded bacteriocin (Sakacin A), which is 
able to inhibit Listeria monocytogenes in microbiological m edia and, to 
a  certain  extent, also in m eat products.
Like Lactobacillus, the  m ain reason for the use  of pediococci in 
ferm ented sausages is the  hom oferm entative production of lactate.
B lickstad and  Molin (1981) show th a t the lactic acid production of 
Pediococcus pentosaceus  is directly linked to growth. Further, the 
stra in  is capable of growing in varied environm ent of relatively wide 
limits. It h as  a  high tolerance tow ards nitrite, aerobic and  anaerobic 
atm ospheres and  over a  broad pH range. All are valuable features with 
respect to m eat ferm entation. However, tem peratures of 20°C or below 
resu lt in a  m arked drop in growth rate.
1.7.1.2 Nitrate and nitrite reductase
The enzyme system  necessary  for the cured colour is norm ally 
a ttribu ted  to Micrococcaceae. However, Hammes et al., (1990) 
sum m arise activities of lactic acid bacteria am ong which are 
m entioned n itra te  and  nitrite  reductases. The latter can be either 
hem e dependent or hem e independent. Heme is no t a  limited 
com ponent in m eat and, therefore, lactic acid bacteria  m ay also 
support the  colour developm ent of ferm ented sausages. S tra ins within 
Lb. plantarum  and  Lb. pen tosus  possess n itra te  and  nitrite  reductase  
and  some stra in s of Pediococcus pentosaceus  possess the heme- 
independent n itrite  reductase. Nitrite reductase  could no t be 
dem onstrated  in Lb. curvatus and  it w as ra th e r poor in Lb. s a k e i . The 
hem e-dependent nitrite  reductase  resu lts  in am m onia as the  end- 
product of nitrite  w hereas the  hem e-independent n itrite  reductase  
reduces nitrite to n itrous oxide and  nitric oxide, of which the latter 
contributes to colour form ation. However, practical experim ents have 
revealed th a t the  colour form ation, based solely on Lactobacillus 
possessing nitrite reductase  activity, was slow and insufficient, 
resulting in colour defects (Hammes et al., 1990).
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1.7.1.3 Catalase
The catalase activity in m eat s ta rte r cu ltu res is also usually  a ttribu ted  
to Micrococcaceae. However, several reports docum ent th a t not only is 
catalase produced by lactic acid bacteria, they also form hydrogen 
peroxide under aerobic conditions (Jessen, 1995; Condon, 1987).
Lactic acid bacteria, generally, do no t synthesise hem e and, 
therefore, are devoid of hem e-containing enzymes such  as 
cytochrom es, catalase  and  peroxidases. However, und er aerobic 
conditions, oxidation can be m ediated by flavoprotein oxidase enzym es 
with hydrogen peroxide or w ater as end-products (Condon, 1987). The 
detrim ental effect of hydrogen peroxide of lactic acid bacteria  is 
overcome by the presence of pseudocatalase, a  peroxidase, which is a  
flavoprotein.
Under certain  conditions, the  hem e-containing catalase m ay also be 
produced by lactobacilli and  pediococci. Lb. plantarum, Lb. sakei and  
Lb. bavaricus b u t no t Lb. curvatus have been dem onstra ted  to 
decompose hydrogen peroxide by m eans of the hem e-containing 
catalase if the  su b s tra te  contains hem atin . Lb. plantarum. Lb. sakei 
and  Lb. curvatus produce hydrogen peroxide under aerobic conditions 
(Jessen, 1995; Borch and  Molin, 1989) b u t as the last species does 
no t have the capacity of producing catalase, it m ay cause greyish 
surface discoloration in sausage ferm entation (Hammes et al., 1990).
S tra ins of Pediococcus and  P. acidilactici produce hydrogen peroxide 
on certain  su b stra tes . Most P. pentosaceus  s tra ins decom pose 
hydrogen peroxide by m eans of pseudocatalase w hereas P. acidilactici 
possesses the hem e-dependent catalase.
1.7.1.4 Aroma formation
In m eat ferm entation, the contribution of lactic acid bacteria  to arom a 
form ation is usually  lim ited to the  tanginess of dry sausages (Jessen, 
1995). The tangy tas te  is a  consequence of the lactic acid produced, 
possibly in connection with sm all am ounts of acetic acid. Too m uch
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acetic acid will resu lt in an  undesirab le  biting acidity w hereas acetoin 
influences positively, im parting a  n u tty  flavour and  arom a (Pederson, 
1979).
The lipolytic and  proteolytic capacities of lactic acid bacteria  are 
considered to be of lim ited value. Lipolytic activity of lactic acid 
bacteria  on synthetic m edia and  n a tu ra l fats have been reported by 
Reuter (1975), El Soda et al., (1986a), Papon and Talon (1988) and  
Nielsen and  Kemner (1989). The lipolytic enzymes are in tracellu lar 
and  their production is correlated with the exponential growth phase  
and  is stim ulated by low glucose concentrations (Talon and  Papon,
1988). The m axim um  lipase production is obtained a t the  optim um  
growth tem perature  (Papon and  Talon, 1988; Nielsen and  Kemner,
1989) and  a t n eu tra l pH (El Soda et al., 1986b; Papon and  Talon, 
1988). According to Nielsen and  Kemner (1989), tributyrin  canno t be 
used  as tes t m edium  for lipolytic activity because the s ta rte r s tra in s 
exam ined express activity on anim al fat b u t not on tributyrin .
Lactic acid bacteria  isolated from m eat and  m eat p roducts possess 
proteolytic activity w hen exam ined in culture  m edia and  sausages. 
Reuter (1975) observed a  slight proteinase activity and  also a 
considerable increase in free am ino acids in culture m edium  and  m eat 
suspension. In sausages, Vignolo et al., (1988) show an  optim al 
proteolytic activity in sausages a t 40 °C. The enzym atic activity is 
affected by the salt concentration, i.e. an  increase in NaCl 
concentration from 3 to 5% reduces the  proteolytic activity by 80%.
Naes et al., (1991) studied  the  effect of a  commercial esterase  and  a  
proteinase, the  la tte r being purified from Lb. sakei, in a  dry sausage 
production. Both influenced the  sensory characteristics of the 
sausages significantly. Off-odour and  bitter tas te  becam e more 
pronounced u n d er the  conditions exam ined.
Papon and  Talon (1988) together with Nielsen and  Kemner (1989) 
and  Naes et al., (1991) conclude th a t lactic acid bacteria  contain 
lipolytic enzym es th a t are  active a t tem peratures and  pH values 
relevant for sausage ferm entation and  th a t these enzym es m ay have
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an  influence on the  arom a. It h a s  been shown th a t Lb. curvatus and  P. 
pentosaceus, bo th  isolated from diy-cured ham , also have lipolytic 
activity (Nieto et ah, 1989).
1.7.2 Micrococcaceae
These bacteria  are im portan t for raw  sausage in connection with the 
reduction of n itra te  (colour form ation in sausages cured with saltpetre  
and  catalase form ation (destruction of hydrogen peroxide). The arom a 
of raw  sausage can be improved by the Micrococcaceae, which break  
down fat and  protein and  delay rancidity. Most of the s ta rte r cu ltu res 
available for ferm ented sausage in W estern G erm any contain 
Micrococcaceae, particu larly  Staphylococcus cam osus, Staph, xylosus  
and  Micrococcus varians (Hammes et ah , 1985). The technologically 
significant differences betw een these  types of organism s are relatively 
slight. Micrococcaceae, which are added to the raw  sausage m eat as 
s ta rte r cu ltu res, grow little or no t a t all during the ripening process, 
therefore is it im portan t th a t an  adequate num ber of organism s are 
added.
1.7.3 Yeasts
If yeasts are added to the  raw  sausage mix as s ta rte r cu ltu re  (usually 
Debaryomyces hanseniî), th en  they u se  up  the oxygen and, by 
reducing the Eh, can cause the sausages to tu rn  red rapidly. By 
breaking down fat and  protein and  forming specific m etabolic 
products, yeasts can improve the arom a of the ferm ented sausage 
(Miteva et ah, 1986) and, by the  form ation of catalase, they can delay 
the  onset of rancidity. In France, consum ers like their raw  sausages 
with a  fine white coating (sausage bloom) and  so yeasts are also used  
to inoculate the  surface.
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1.7.4 Moulds
Pénicillium nalgiovanse  is u sed  to inoculate the  surface of m ould 
ferm ented raw  sausages, since th is species grows well on the  raw  
sausage substra te . This m ould not only gives the m ould-ferm ented 
raw  sausage its typical appearance, b u t also protects the  p roduct from 
oxygen and light (delayed rancidity). A dense coating of a  desirable 
m ould on the  surface also m akes it difficult for undesirab le  m oulds to 
become established. Furtherm ore, the  breakdown of fat and  protein 
and  the form ation of specific m etabolic p roducts affect the  arom a of 
the  raw  sausages in a  characteristic  m anner. For inoculation of raw  
sausage and raw  ham , (Zeuthen, 1995) selected a  non-toxic and  
technologically suitable stra in  of Pénicillium nalgiovanse which is 
available commercially u n d e r the  nam e ‘Edelschim m el K ulm bach’. 
S tra ins of Pénicillium nalgiovanse  are also used  in France for m ould- 
ferm ented raw  sausage. However, it m u st be noted th a t even the 
organism  Pénicillium nalgiovanse  includes num erous stra ins, which 
form potent m ycotoxins (Leistner, 1990). Thus, from a  pool of 112 
Pénicillium nalgiovanse  s tra ins , Fink-Grem mels and  Leistner (1990) 
were only able to isolate five stra ins, which are toxicologically and 
technologically su itab le  as s ta rte r cu ltu res for m ould-ferm ented m eat 
products.
1.8 M icrobiology o f  ferm ented sausages
The microbiological processes th a t  occur during the m anufacture  of 
ferm ented sausage have been clearly explained by Leistner, 1995. The 
im portance of food-poisoning bacteria  for raw  sausage h as  also been 
considered in respect of Salmonella spp. and  Listeria monocytogenes 
as well as Staphylococcus aureus and  Clostridium botulinum.
Even at the s ta rt of ripening, the raw  sausage mix contains 
num erous bacteria  (10^-10^ cfu/g). These are, however, not evenly 
distributed. W hen the raw  sausage changes from the sol sta te  to the
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gel sta te  during the  course of ripening, the bacteria  are fixed. Some 
types of organism  are destroyed by the hurd les in the  ferm ented 
sausage, o thers grow rapidly. This growth, however, can only take 
place in n ests  or sm all cavities, from which the bacteria  c a n ’t escape. 
If we look a t these n es ts  un d e r the  electron m icroscope, th en  we can 
see th a t they are situated  far from one ano ther (100-1500 pm) and  the 
m etabolic p roducts form ed in these  nests , e.g. lactic acid, m u st 
consequently diffuse th rough  an  ‘organism -free’ m atrix, in order to 
bring about ripening of the  raw  sausage and  to inactivate undesirab le  
bacteria, e.g. salm onellae (Jessen, 1995). Thus, raw -sausage ripening 
can  be regarded as  ‘solid s ta te ’ ferm entation. Through a  better 
understand ing  of the  topography of the bacteria  in raw  sausage, it is 
possible not only to control ripening, b u t the u se  of sta rte r cu ltu res 
m ay possibly be optim ised (Leistner, 1987b).
The m ost im portan t m icroorganism s for raw -sausage ripening 
belong to the genes Lactobacillus and  Staphylococcus; micrococci, 
yeasts and  m oulds are a ls o  significant. The following types of 
organism s are im portan t for the  n o rm a l ripening of raw  sausage: 
Lactobacillus sakei, Lb. curvatus and  Lb. plantarum; Staphylococcus 
xylosus, Staph, cam osus  and  Staph, saprophyticus; Micrococcus 
varians; Debaryomyces hansenii; Pénicillium nalgiovense. Figure 1.1, 
shows in diagram m atic form, the course of the aw and pH, as well as 
the behaviour of the  m ost im portan t groups of organism s during 
‘norm al’ raw -sausage ripening (Leistner, 1995).
The lactobacilli form lactic acid and , th u s, contribute to the  typical 
tas te  of Germ an raw  sausage and  help inhibit undesirab le  bacteria  
(salmonellae. Listeria, staphylococci). The Micrococcaceae reduce 
n itra te  to n itrite  and  prevent or re tard  the developm ent of 
discoloration and  rancidity  by forming catalase. At a  higher E h the 
Micrococcaceae tolerate a  lower pH better and  they can, therefore, be 
detected, particularly  close to the  edges of the  raw sausage. The yeasts 
are similarly to be found a round  the  edges of the raw sausage. At the 
s ta rt of ripening, however, they can also be found in the centre of the
26
products. Moulds generally grow only on the surface of the  raw 
sausage and  only in the case of p roducts th a t have gone badly wrong,
5,8 0,98
5.5
D . 5,2 0,92
0,89
Laclobaciilus
Micrococcaceae (edge)
o .
Micrococcaceae (core)
E nte robacte ri aoeae
Figure 1.1 Diagrammatic representation o f normal ripening of fermented sausage (Leistner, 1995)
where severe cracking h as  occurred in the raw sausages, can m oulds 
also be detected inside the  products.
The cu rren t m ost im portan t cause of raw  sausage production going 
wrong is undesirable lactic acid bacteria, as these can cause over­
acidification, gas form ation and  discoloration. A sticky surface and  
greyish discolorations on the  edges after w ashing the  sausages are 
caused  m ainly by micrococci and  yeasts. Moulds can cause  a  m usty  
smell and  tas te  as well as defective casings in raw  sausages. Core 
putrefaction, which can  be caused  by Enterobacteriaceae 
(Hechelmann, 1985), is only observed rarely.
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Of the food-poisoning bacterium , salm onellae and  Listeria are 
currently  of special in terest in relation to ferm ented sausage. 
O utbreaks of salm onellosis. Staphylococcus aureus enterotoxicosis, 
and, recently, infections caused  by enterohaem orrhagic stra in s of 
Escherichia coli have been traced  back  to ferm ented sausages. The u se  
of 2.5% nitrite-curing  salt, 0.3% glucono-ô-lactone and  sta rte r 
cu ltu res, in addition to ripening tem pera tu res below 25 "C, prevents 
the growth of salm onellae in raw  sausage (Leistner, 1995). The pH and 
the  competitive flora are im portan t in inhibiting the  growth of L. 
monocytogenes in ferm ented sausage. If growth is not possible, then  
the  Listeria count decreases with the  ripening time. Staphylococcus 
aureus only p resen ts a  problem  in G erm an raw  sausage a t ripening 
tem pera tu res above 25 ®C. However, in the  case of m ould-ferm ented 
raw  sausage. Staphylococcus aureus can grow even a t lower 
tem pera tu res because of the  high pH. Clostridium botulinum  is no 
problem  for G erm an raw  sausage, for th is food poisoner is incapable 
of growth even in p roducts w ithout added nitrite. It is im portant to 
note th a t low ering’ of one 'hu rd le’ m ay be com pensated for by 
‘fortifying’ ano ther hurd le  (Leistner, 1995). For exam ple, increasing 
the initial w ater activity within certain  lim its m ay be com pensated for 
by a m ore rapid rate  of acid form ation, or a  lower ferm entation 
tem perature. This m u st be taken  into account when setting u p  Hazard 
Analysis Critical Control Point (HACCP) system s for the  m anufacture  
of ferm ented sausages.
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1.9 B acteriocins
1.9,1 Introduction
M icrobes produce an  extraordinary  array of m icrobial defense 
system s. These include broad-spectrum  classical antibiotics so critical 
to h u m an  health  concerns, m etabolic by-products such  as the lactic 
acids produced by lactobacilli, lytic agents such as lysozymes found in 
m any foods, num erous types of protein exotoxins, and  bacteriocins, 
which are loosely defined as  biologically active moieties with a  
bacteriocidal mode of action (Tagg et al., 1976). Bacteriocins are found 
in alm ost every bacterial species exam ined to date, and  within a 
species tens or even hu n d red s of different k inds of bacteriocins are 
produced (Jam es et al., 1991).
Bacteriocins have been know n and  studied for approxim ately 65 
years. These proteinaceous com pounds are commonly produced by a 
wide variety of bacteria  and  have coun terparts am ong eukaryotic 
organism s. In the  United S tates, in terest h as  swelled in recen t years, 
due to the  realization th a t bacteriocins from lactic acid bacteria  could 
be u sed  as additives or ‘n a tu ra l preservatives’ in food. In 1988, nisin  
was finally approved for u se  as a  food preservative in the  United 
S tates after 40 years of comm ercial u se  in o ther countries. The 
approval of n isin  in food by the  FDA h a s  set the  stage for possible 
comm ercial u se  of other antibiotic-like com pounds in American foods 
and beverages. Research on n isin  and  other bacteriocins from lactic 
acid bacteria  h a s  shown th a t such  pervasive and  persisten t food- 
borne pathogens as Listeria monocytogenes and  Salmonella  species 
can be specifically inhibited or killed by these com pounds.
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1,9.2 Bacteriocins o f Gram-Negative Bacteria
The bacteriocin family includes a  diversity of proteins in term s of size, 
microbial targets, mode of action, and  im m unity m echanism s. The 
m ost extensively studied, the colicins produced by Escherichia coli, 
share  certain  key characteristics (Jam es et al., 1996).
The colicins are a  fairly large group of antim icrobial proteins 
produced by E, coli and  to a lesser extent, other m em bers of the 
Enterobacteriacea family (i.e., cloacin from Enterobacter cloacae) of 
Gram -negative bacteria. These fairly large proteins (40-70 kDa) are 
produced by cells th a t, in m ost cases, possess a  plasm id th a t codes 
for the  colicin molecule as well as several other proteins involved in 
the  mode of action of the  colicin. The range of susceptible cells is 
generally fairly narrow  b u t there are exceptions to th is. The proteins 
are produced in large am oun ts and  are secreted into the growth 
m edium , usually  during the  exponential growth phase of the cell.
S tudies on the  three-dim ensional s truc tu re  of colicins indicate th a t 
the protein m ay be arranged  as th ree  independent s tru c tu ra l dom ains, 
each of which carries out a  separa te  action th a t leads to the death  of 
susceptible cells (Brunden et al., 1984). Limited proteolysis and  
detection analysis have been u sed  to determ ine the  presence of these 
dom ains (Baty et al., 1988; Shiver et al., 1988). Each of the  dom ains 
is associated with one of the  three steps th a t lead to cell death. The 
binding of the  colicin to a  specific receptor on the  surface of the 
susceptible cell is carried out by the central portion of the  molecule. 
The next step in the mode of action of the colicin involves the 
translocation  of the  protein or a  portion of it across or onto the  cell 
m em brane of the  susceptible cell. Evidence suggests th a t the N- 
term inal region of the molecule in teracts with the translocation 
com ponents of the  target cell (Postle and  Skare, 1988). The killing 
action of the  colicin is th en  carried ou t by the C-term inal portion of 
the  protein.
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1.9.3 Bacteriocins o f  Gram-Positive Bacteria
Bacteriocins of gram -positive bacteria  are as ab u n d an t and  diverse as 
those found in gram -negative bacteria  (Jack et al., 1995). They differ 
from gram -negative bacteriocins in two fundam ental ways, Firstly, 
bacteriocin production is not necessarily the lethal event it is for 
gram -negative bacteria. This critical difference is due to the tran sp o rt 
m echanism s gram -positive bacteria  encode to release bacteriocin 
toxin. Some have evolved a  bacteriocin specific tran sp o rt system , 
w hereas others employ the  sec-dependent export pathw ay. 
Furtherm ore, the gram -positive bacteria  have evolved bacteriocin 
specific regulation, w hereas bacteriocins from gram -negative bacteria  
rely solely on host regulatory netw orks.
The lactic acid bacteria  (LAB) are particularly  prolific in bacteriocin 
production. K laenham m er d istinguishes three classes of LAB 
bacteriocins (Klaenhammer, 1988). C lass I bacteriocins are the 
lantibiotics, so nam ed because they are post-translationally  modified 
to contain am ino acids such  as lanthionine and  B -m ethyllanthionine, 
and  several dehydrated am ino acids (Guder et al., 2000). Lantibiotics 
are fu rther divided into two subgroups, A and B, based  on stru c tu ra l 
features and their mode of killing (Jung et al., 1991). Type A 
lantibiotics kill the  target cell by depolarizing the  cytoplasm ic 
m em brane (Belkum et al., 1989). They are larger th an  type B 
lantibiotics and  range in size from 21 to 38 amino acids. Nisin, the 
archetypal and  best-stud ied  Gram-positive bacteriocin, is a  type A 
lantibiotic. The type B lantibiotics have a  more globular secondary 
struc tu re  and  are sm aller th an  type A, with none exceeding 19 amino 
acids in length. Type B lantibiotics function th rough  enzyme 
inhibition.
C lass II LAB bacteriocins are  also small, ranging in size from 30 to 
60 amino acids, and  are heat-stab le , nonlanthionine-containing 
peptides (Jung et al., 1991). They are organized into subgroups: Class 
Ila is the largest group and  its m em bers are d istinguished by a
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conserved am ino-term inal sequence (YGNGVXaaC) and  a  shared  
activity against Listeria. Like type A lantibiotics, class Ila bacteriocins 
act th rough  the  form ation of pores in the cytoplasmic m em brane. 
Exam ples include sakacin  A (Schillinger et al., 1989), and  leucocin A 
(Hasting et al., 1991). C lass lib bacteriocins such  as lacticin F 
(M urianna and  K laenham m er, 1991) and  lactococcin G (Nissenmeyer 
et al., 1992) form pores com posed of two different proteins in the 
m em brane of their target cells. A th ird  subgroup (lie) h a s  been 
proposed, which consists of bacteriocins th a t are sec-dependent such  
as acidocin B (Leer et al., 1995). C lass III bacteriocins are large heat- 
labile proteins such  as helveticins J  and  V (Joerger et al., 1986, 
V aughan et al., 1992) and  lactacin B (Barefoot and  Klaenham m er, 
1984). An additional proposed class (VI) requires lipid or carbohydrate 
moieties for activity. Little is known abou t the struc tu re  and  function 
of th is  proposed class. Exam ples include leuconocin S (Bruno et al., 
1993) and  lactocin 27 (Vaugham et al., 1992).
Gram-positive bacteriocins in general and  lantibiotics in particu lar 
require m any more genes for their production th an  do gram -negative 
bacteriocins. The n isin  gene c luster includes genes for the prepeptide 
{nisA), enzym es for modifying amino acids (msB, msC), cleavage of the 
leader peptide (nisP), secretion (nisT), im m unity (nisi, msFEG) and 
regulation of expression (nisR, nisK) (Buchm an et al., 1998; Engelke et 
al., 1992; Engelke et al., 1994; Kaletta et al., 1989; Kuipers et al., 
1993; Ra et al., 1999). These gene c lusters are m ost often encoded on 
plasm ids b u t are occasionally found on the chrom osome. Several 
gram -positive bacteriocins, including nisin, are located on 
transposons.
The conventional wisdom abou t the  killing range of gram-positive 
bacteriocins is th a t they are restric ted  to killing other gram -positive 
bacteria. For instance, some type A lantibiotics such  as n isin  A and  
m utacin  B-Ny266 have been shown to kill a  wide range of organism s 
including Actinomyces, Bacillus, Clostridium, Corynebacterium, 
Enterococcus, Gardnerella, Lactococcus, Listeria, Micrococcus,
32
Mycobacterium, Propionibacterium, Streptococcus, and Staphylococcus. 
Contrary to conventional wisdom, these particu lar bacteriocins are 
also active against a  num ber of m edically im portant gram -negative 
bacteria  including Campylobacter, Helicobacter, and  Neisseria  (Mota- 
Meira et al., 2000).
Production of bacteriocin in gram -positive bacteria  is generally 
associated with the  shift from log phase  to stationary  phase. Nisin 
production begins during mid-log phase  and  increases to a  m axim um  
as the cells en ter sta tionary  phase  (Bruno and Montville, 1993). The 
regulation of expression is not cell cycle-dependent per se, b u t ra th e r 
cu ltu re  density dependent. It h a s  been dem onstrated th a t n isin  A acts 
as a  protein pherom one in regulating its own expression, which is 
controlled by a  tw o-com ponent signal transduction  system  typical of 
m any quorum -sensing  system s. The genes involved are nisR  (the 
response regulator) and  nisK (the sensor kinase) (de Ruyter et al., 
1996). Nisin transcrip tion  can be induced by the addition of n isin  to 
the cu lture m edium  with the level of induction directly related to the 
level of n isin  added (Kuipers et al., 1995).
1.9.4 Bacteriocins and Food Preservation
The only bacteriocins currently  employed in food preservation are 
those produced by LAB used  in the  production of ferm ented foods. 
Because LAB have been used  for centuries to ferm ent foods, they 
enjoy GRAS (generally regarded as safe) s ta tu s  by the U.S. Food and 
Drug A dm inistration (FDA). This perm its their u se  in ferm ented foods 
w ithout additional regulatory approval (Montville et al., 1997).
Nisin was the  first bacteriocin to be isolated and approved for u se  in 
foods, specifically to prevent the outgrow th of Clostridium botulinum  
spores in cheese spreads in England (Chung et al., 1989). By 1988, 
the  FDA had  approved its u se  as a  biopreservative for a  narrow  range 
of foods, including pasteurized egg products. Today, n isin  is accepted 
as a  safe rood preservative by over 45 countries, and  it is the m ost
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widely used  comm ercial bacteriocin and  it rem ains the only 
bacteriocin th a t m ay be added to U.S. foods.
Over the p ast decade the recurrence of listeriosis ou tbreaks, 
com bined with the n a tu ra l resistance of the causative agent Listeria 
monocytogenes, to trad itional food preservation m ethods such  as its 
ability to grow a t near-freezing tem pera tu res has focused the  atten tion  
of bacteriocin researchers on th is organism  (Palumbo, 1986). This 
atten tion  has resu lted  in the  isolation of a  large num ber of class Ila 
bacteriocins.
It is characteristic  th a t the  bacteriocins are effective against Gram- 
positive bacteria  am ong which Listeria monocytogenes and  Staph, 
aureus are regarded as health  hazards in m eat products. S tra ins of P. 
acidilactici isolated from ferm ented sausage produced an  antim icrobial 
peptide designated AcH (Bhunia et al., 1988). This bacteriocin h as 
been shown to inhibit pathogens such  as Staph, aureus. Listeria 
monocytogenes and  Clostridium perfringens p lus the specific spoilage 
bacteria  Brochothrix thermosphacta. In addition, it acted against the  
two Gram-negative bacteria, Aeromonas hydrophila and  Pseudom onas 
putida. Neither of these  is im portan t in respect of m eat spoilage.
Besides the lim itations in the  spectrum  of antim icrobial activity, the 
m ain disadvantages of m ost bacteriocins are the sensitivity to adipose 
tissue  pro teases, a  significantly lower activity in m eat system s th an  in 
bro ths and  a  certain  pH decrease th a t is undesirable in non-ferm ented 
m eats. Finally, there  m ay also be legislative regulations to consider, as 
m ost au thorities do not perm it any kind of additive for fresh m eat.
The potential of bacteriocins to serve as alternatives to classical 
antibiotics in treating  bacterial infections is real, and  the application 
of bacteriocins in food preservation is exploding. The fu ture  roles 
bacteriocins may serve is lim ited only by our imagination.
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The m ain aim of the  p resen t work is the  development of protective 
cultures, able to ensure  the  safety of traditional ferm ented sausages 
and  also having the  ability to optim ise the ferm entation and  ripening 
processes and  m ain tain  the  traditional ‘sensory type’. The general 
approach  of the p resen t work is to improve the industria l production 
of ferm ented sausages on the  basis of a  replacem ent of comm ercial 
s ta rte r cu ltu res with new ones developed after selection of wild stra ins 
isolated from products ferm ented w ithout starters. To achieve th is 
ta sk  m anufactu rer in  a  selected m eat com pany were asked to exclude 
any sta rte r p reparations, if added, and  m ake salam i by the  traditional 
m ethod as modified for industria l use.
Moreover, the use  of the  bacteriocin producing stra in  Lactobacillus 
sakei 1154 and  the  sem i-purified bacteriocin from Leuconostoc 
mesenteroides E131, in the  ferm ented sausage m anufacturing  
process, in order to evaluate w hether the product m ain tains their 
technological and  traditional quality characteristics. Furtherm ore, the 
effectiveness of MAP (80% N2-2 0 % CO2) on dry ferm ented sausages 
was evaluated.
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Chapter 2
2. General Materials and Methods
2.1  Characterization o f  the m icrobial flora from a traditional 
Greek ferm ented sausage
2.1.1 Preparation o f sausages and sampling schedule
Sausages were m anufactu red  a t the  factory of Vekka S.A. based  a t 
Korinthos in Athens, according to a  s tan d ard  practice applied there 
w ithout comm ercial s ta rte r  cu ltures. The sausages h ad  the following 
composition (%):
Ingmmems IV V.' “ . •
1 pork m eat 35
2 beef m eat 35
3 pork back fat 30
4 salt 2,5
5 sugars (commercial m ixtures 
of m altodextrins with salt.
sodium  ascorbate, po tassium  
dihydrogen phosphate  and 
essential oils)
1,5
6 skim milk powder 2,5
7 mixed spices (black pepper, 0,3red pepper and  clove)
8 garlic 0 , 1
9 white wine 0 , 2
1 0 sodium  n itra te 0 , 0 2
1 1 sodium  nitrite 0 , 0 2
1 2 sodium  ascorbate 0,06
The fat used  was kep t a t -1 5  °C and  p recu t into 10 mm cubes while 
still frozen to avoid “sm earing” on the lean m eat surface during 
cutting  and  later problem s during sausage drying. The m eat u sed  w as 
frozen lean pork with less th an  10 % visual fat, pre-tem pered a t -5  °C.
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All ingredients were mixed in a  cu tter. Initially, the m eat w as ground 
a t low speed un til coarse pieces of about 1 0  mm in diam eter were 
produced. Then, all o ther ingredients were sequentially added, with 
the  salt las t to avoid m eat protein solubilization a t th is stage. The 
cutting  was continued un til the  fat particles were abou t 2  mm in 
diam eter. The m ixture was filled into 45 mm synthetic casings un d er 
vacuum . The tem perature  of the  m ixture during filling was -1  — 2 °C. 
After stuffing, sausages were allowed to equilibrate a t room 
tem perature  (15-18 °C) for 2-3 h  prior to being taken  to the 
ferm entation room. Then, sausages were hung  in a  ferm entation 
cham ber for 7 days. During th is  period, the tem perature  and  relative 
hum idity  (RH) were gradually electronic reduced from 24 °C and  94 % 
to 20 °C and 8 6  %, respectively. At the 2^ (^  day of ferm entation, 
sausages were sm oked in a  sm oking cham ber a t 24 °C for 2-3 h. 
Finally, sausages were transferred  to a  drying room a t 15-16 and 
80 % RH for 3 weeks (ripening period), after which they were ready for 
consum ption.
Three batches of sausages were u sed  for the experim ents, carried 
ou t w ithin a  3-m onth period. In each batch  50 kg m eat was used. 
Three sausages sam ples, taken  from each batch  a t 0, 2, 4, 7, 14 and 
28 days after p reparation , were transported  to the laboratory and  
subjected to microbiological and  chem ical (pH, salt concentration, 
m oisture content, n itrite  and  n itra te  concentration) analysis. In each 
batch  three sam ples of raw  m aterials (pork, beef and  pork back fat) 
were subjected to microbiological analysis.
37
2.1.2 Microbiological analysis
For microbiological analysis, the sausage casing w as removed 
aseptically. A 25 g sam ple w as added to 225 ml of sterile 0.1 % (w/v) 
saline peptone w ater (0.1 % peptone and  0.85 % NaCl) and  
homogenized in a  stom acher (Lab Blender, Seward, London, UK) for 2 
m in a t low speed a t room tem perature . Serial decimal dilutions in 
Ringer solution were prepared  and  1 ml or 0.1 ml sam ples of 
appropriate dilutions were poured  or spread on non-selective and  
selective agar plates.
Total viable coun ts were determ ined on Peptone Agar ( 8  g/1 
bacteriological peptone and  15 g/1 Bacteriological Agar), incubated  at 
30 for 72 h; lactic acid bacteria  in de Man, Rogosa, Sharpe agar 
(MRS, Merck, D arm stadt, Germany), overlayed with 5 ml of the sam e 
m edium  and incubated  a t 30 °C for 72 h; Gram positive, catalase 
positive cocci on M annitol Salt Agar (MSA, Merck), incubated  a t 30 °C 
for 72 h; enterohsLCteria.-Escherichia coli in coli-ID (BioMerieux, Marcy 
FEtoile, France), overlayed w ith 5 ml of the sam e m edium  and  
incubated  a t 37 °C for 24 h; enterococci on Kanamycin Esculin Azide 
Agar (Merck), incubated  a t 37 °C for 48 h; Staphylococcus aureus on 
B aird-Parker Agar (BP, Merck), incubated  a t 37 °C for 48 h; yeasts on 
Oxytetracycline Glucose Yeast Agar (base) (OGY, Merck), incubated  a t 
25 °C for 5 days; Pseudom onas on Cetrimide Fucidin Cephaloridine 
Agar (CFG, Oxoid, B asingstoke, UK), incubated a t 25 °C for 48 h; 
aerobic spore form ers on Casein Soya Tryptone Agar (CASO, Merck), 
inoculated after inactivation of vegetative cells by heating a t 80 for 
10 m in and incubated  a t 30 °C for 72 h; sulphite reducing clostridia in 
tubes containing 20 ml of m elted (45 °C) sulphite Polymyxin 
Sulphadiazine Agar (SPS, Merck), inoculated with 10 ml from the first 
dilution (equal to 1 g of sausage), cooled rapidly in ice and  overlayed 
with 2 ml of sterile paraffin oil (Merck) to exclude oxygen and 
incubated  at 37 °C for 24 h.
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The selectivity of the  growth m edia was checked by carrying out the 
following rapid tes ts  on abou t 1 0  % of the colonies, according to 
H arrigan 85 McCance (1976): the  Gram and catalase  reaction were 
tested  for colonies grown on MRS agar and  only the Gram positive and  
catalase negative were enum erated; the  two previous tes ts  were also 
u sed  for the colonies grown on MSA agar and only the Gram positive 
and  catalase positive cocci were enum erated; the  oxidase reaction for 
colonies grown on CFG agar and  only the positive ones were 
enum erated; staphylococcal colonies showing lecithinase activity on 
B aird-Parker agar were streaked  on N utrient agar (Merck) and  tested  
for coagulase production by using  rabb it p lasm a with EDTA (Merck).
For detection of Salmonella, p re-enrichm ent was done by 
suspending  25 g of sam ple in 225 ml buffered peptone w ater (Merck) 
followed by incubation a t 37 °G for 16-20 h; selective enrichm ent w as 
done by transferring  0 . 1  ml of pre-enrichm ent cu ltu re  in 1 0  ml 
Rappaport-V assiliadis bro th  (RVS broth, Merck) followed by 
incubation  a t 42 °G for 24 h. After incubation sam ples were streaked 
on modified Brilliant-green Phenol-red Lactose Sucrose Agar (BPLS, 
Merck) (37 °G for 24 h) and  Xylose Lysine Deoxycholate Agar (XLD, 
Merck) (37 °G for 48 h). For Listeria detection, enrichm ent was done 
by suspending 25 g of sam ple in 225 ml Fraser broth  (Merck) followed 
by incubation a t 30 °G for 24 h. Then, 0.1 ml of the culture  
enrichm ent were streaked  onPalcam  Listeria Selective Agar Base 
(PALGAM, Merck) and  incubated  a t 30 °G for 48 h.
2.1.3 Isolation and characterization o f lactic acid bacteria
A total of 288 isolates were random ly collected from one representative 
high dilution MRS agar plate on every sam pling day. The isolates were 
tested  for cell morphology, gram  reaction and catalase form ation by 
dropping a  3 % H2O2 solution directly onto each plate. Half of the 
colonies were isolated from days 0 to 7 and  the rest from day 14 to the 
end. All isolates were grown in MRS broth  a t 30 °G for 24 h, purified
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by streaking on MRS agar and  m aintained  in MRS bro th  p lus 30-40 % 
(w/v) glycerol (Merck) a t -2 0  °C. The Gram-positive and  catalase- 
negative stra ins were subjected to the  following physiological and  
biochemical tests: gas (CO2) form ation from glucose, arginine
hydrolysis, growth in 8  and  10 % NaCl, growth a t 4, 10, 15, 37 and  45 
°C, dextran production and  ferm entation of the following sugars: 
m altose, m annitol, melibiose, lactose, L-arabinose, sucrose, raffinose, 
cellobiose, trehalose, ribose, sorbitol, D-xylose and galactose 
according to Sharpe (1979) using  the m iniplate m ethod described by 
Jayne-W illiam s (1976). Sugar ferm entation pa ttern  was also 
determ ined on 150 selected isolates out of 288, using  API 50 CHL 
(BioMerieux, Marcy FEtoile, France) and  the  identification was 
perform ed by the com puter program  APILAB Plus. The 150 stra in s 
were selected after their grouping based on the resu lts  from 
physicochem ical te s ts  and  sugar ferm entation.
Growth a t different tem pera tu res w as carried ou t in MRS broth  
(Merck) after incubation for 72 h  a t 15, 37 and 45 °C, and  7-10 days 
a t 4 and  10 °C. Gas form ation from glucose was determ ined in 
modified MRS broth  containing inverted tubes, with diam m onium  
citrate replaced by am m onium  su lphate  (Serva) and  incubation  for 5 
days a t 30 °C (Schillinger & Lücke, 1987). Hydrolysis of arginine w as 
tested  in modified MRS broth , w ithout m eat extract b u t with 0.3 % 
(w/v) arginine (Serva, Heidelberg, Germany), diam m onium  citrate 
replaced by sodium  citrate (Mallinckrodt, New York, USA) and low 
concentration of glucose (0.05 % w/v) (Riedel de Haen, Seelze, 
Germany) (Hitchener, Egan & Rogers, 1982; Schillinger & Lücke, 
1987). Ammonia was detected after 72 h  of incubation a t 30 °C, using  
Nessler’s reagent (Merck). Growth in the presence of 8  and  10 % (w/v) 
NaCl (Merck) was observed in MRS bro th  after incubation for 5 days at 
30 °C. Dextran production from sucrose was determ ined on modified 
MRS agar, in which glucose w as replaced by 5 % (w/v) sucrose 
(Serva), after 5 days of incubation  a t 30 °C (Hitchener et al., 1982).
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2 .2  Screening o f  the iso lated  strains for the production o f  
bacteriocin
2.2.1 Laboratory experiments, using indicator microorganisms to 
evaluate the ability o f  the isolates to produce bacteriocins
The antibacterial activity of the  isolated lactic acid bacteria  was 
assayed by the agar well diffusion assay  (AWDA) described by 
Schillinger and Lücke (1989): the  isolated stra ins were screened 
against three pathogens, Listeria monocytogenes NCTC 10527, 
Staphylococcus aureus NCBF 1499 and  Escherichia coli 0157:H 7 
NCTC 12079, in order to evaluate the  potential u se  of the isolates as 
protective cultures. The pathogens were grown in BHI broth  (1% 
inoculum) a t 37 °C for 24 h.
The su p ern a tan t fluids were obtained from an  18h cu ltu re  (30 °C) of 
the lactic acid bacteria  and  micrococci-staphylococci in MRS and  BHI 
bro th , respectively, by centrifugation (10,844 x g for 15 m in a t 4 °C) 
and  were ad justed  to pH 6.5 by m eans of NaOH 5N, to exclude the 
antim icrobial effect of the  organic acids. The su p e rn a tan ts  were 
sterilized through a  microbiological filter (Acrodisc, 0.22 pm) 
(Gelman), and  50 pi portions from the  su p e rn a tan t fluids were spotted 
on BHI agar (Merck) p lates containing the  ‘ind icators’ stra ins (1 % 
inoculum ) and  were incubated  a t 37 °C for 24 h. Inhibition w as 
recorded as negative if no zone w as observed around  the  agar well.
The stra ins which showed bacteriocin activity were exam ined 
against 16 different selected lactic acid bacteria  stra in s from the 150 
isolated, in order to find a  sensitive stra in  to u se  in the  following 
experim ents. The indicators were grown in MRS broth  (1% inoculum) 
a t 30 for 24 h.
The antim icrobial agents of the  stra ins, found to produce 
bacteriocin, were treated  with the  following enzymes: protease, pepsin, 
trypsin, a-chym otrypsin, pro teinase K, lipase, a-am ylase (1 mg ml-i)
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and  catalase  (300 U nits ml-i) (Sigma), ad justing  the pH for each 
enzyme to the  optim um  activity value. The fluids were incubated  a t 37 
°C for 4h. The m ain tenance of the  inhibitory capability of the  
bacteriocins was tested  against the  sensitive indicator, which was 
found am ong the exam ined lactic acid bacteria, with the m ethod of 
AWDA.
2 .3  Purification and characterization  o f  the bacteriocin , produced  
by Leuconostoc m esenteroides E131
2.3.1 Bacteria strains and growth conditions
Lc. m esenteroides E131, isolated from Greek dry ferm ented sausage 
(part 2.1), w as used  th roughou t th is  study. Lb. curvatus E33 and  
Listeria monocytogenes NCTC 10527 were used  as the  indicator 
stra ins. All s tra in s were m ain tained  a t -40°C in 25% (v/v) glycerol. 
Before experim ental use , Lc. m esenteroides E131 was subcu ltu red  
twice in 10 ml MRS bro th  (Merck, D arm stad t, Germany) a t 30°C for 24 
h  (inoculum  1 %, v/v). Final growth w as performed u n d e r the sam e 
conditions.
2.3.2 Determination o f bacteriocin activity
The agar well diffusion assay  (AWDA), as described by Schilliger and  
Lücke 1989, was used  in the  bacteriocin purification and  biochemical 
characterization procedure (L. curvatus E33 and  L. monocytogenes 
were used  as the indicator strains). The culture  su p e rn a tan t w as 
obtained from 18 h  cu ltu re  (inoculum  1%, v /v , 25°C) of Lc. 
m esenteroides E131 in 11 MRS b ro th  by centrifugation (10,000 x g, 
4°C for 15 min). It was ad justed  a t pH 6.5 by m eans of 1 M NaOH and  
trea ted  w ith catalase (C-3515, Sigma, St. Louis, USA) to exclude the  
antim icrobial effect of hydrogen peroxide. The su p e rn a tan t was then  
sterilized through a microbiological filter (Acrodisc, 0.22 pm ; Gelman,
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M ichigan, USA). S u p ern a tan t (50 pi) w as transferred  in holes drilled 
into MRS agar inoculated (1%, v/v) with L. curvatus E33 or into BHI 
agar p lates inoculated w ith L. monocytogenes. The plates were then  
incubated  a t 30°C for 24 h. Antimicrobial activity was recorded as 
growth free inhibition zones around  the  well area.
To determ ine bacteriocin activity, the  critical dilution m ethod was 
used . Twofold serial d ilutions of bacteriocin containing sam ples were 
prepared  in sterile Ringer’s solution. Then, 50 p i of the diluted 
sam ples were transferred  in holes drilled into MRS agar p lates 
inoculated with L. curvatus E33. After incubation (30°C for 24 h) the 
arb itrary  u n its  (AU) of the  bacteriocin were determ ined as the 
reciprocal of the highest dilution showing inhibition of the  indicator 
s tra in s  (Barefoot & K laenham m er, 1983).
For the  determ ination of curvaticin  L442, a  bacteriocin produced by 
Lb. curvatus L442 the  sam e procedure was followed. Lb. curvatus 
L442, was isolated from Greek dry ferm ented sausage and  belongs to 
the  Collection of the Laboratory of Food Quality Control and  Hygiene, 
in Agricultural University of A thens.
2.3.3 Growth and bacteriocin production kinetics
MRS bro th  (11) was inoculated with the Lc. mesenteroides E l 31 
(inoculum 1%, v/v), and  incubated  a t 25 and  30°C for 72 h. Growth 
was assessed  by m easuring  the  optical density a t 600 nm  and  the pH 
a t various time intervals. All experim ents were perform ed in triplicate. 
Bacteriocin activity was assayed by the critical dilution m ethod as 
described above. The sam e procedure was followed for Lb. curvatus 
L442, b u t the stra in  was incubated  a t 20, 25 and 30°C for 72 h.
43
2.3 A  Purification o f the bacteriocin
Purification steps were perform ed a t room tem perature  by using  a fast 
liquid chrom atography system  (Waters 650E advanced protein 
purification system). All colum ns used  were purchased  from 
A m ersham -Pharm acia (Uppsala, Sweden).
One liter of MRS bro th  w as inoculated with Lc. mesenteroides E131 
inoculum  1% (v/v) and  incubated  a t 25°C for 24 h. Cells were removed 
by centrifugation (10,000 x g, 4°C for 1 h). The pH of the  su p ern a tan t 
was adjusted  a t 6.5 with 5N NaOH and  th is was then  sa tu ra ted  up  to 
50% with am m onium  su lphate . After overnight stirring a t 4°C the 
bacteriocin was pelleted by centrifugation a t (10,000 x g, 4°C for 1 h) 
and  dissolved in 20 mM phosphate  buffer, pH 5.5.
The sam ple was then  applied to a  Resource S colum n (inside 
diam eter, 16 mm; length, 30 mm) equilibrated with 20 mM phosphate  
buffer, pH 5.5. Elution w as perform ed a t a  flow rate  of 2 m l/m in  with 
a  linear gradient 0 to 1.5 M NaCl in the sam e buffer. The bacteriocin 
containing fractions, after their sa tu ra tion  with 50% am m onium  
su lphate , were pooled, properly diluted in double-distilled w ater 
containing 0.1% (v/v) trifluoroacetic acid (TEA) and  applied to a  
Resource RPC colum n (inside diam eter, 6.4 mm; length, 10 mm) 
equilibrated with the sam e solvent. E lution was perform ed a t a  flow 
rate  of 2  m l/m in  with a linear acetonitrile gradient from 0  to 1 0 0 % 
containing 0.1% (v/v) TEA. The bacteriocin containing fractions were 
ten-fold diluted with double-distirred  w ater containing 0 . 1 % (v/v) 
trifluoroacetic acid (TEA) and  applied to a  Resource RPC colum n. The 
elution was performed a t flow rate  of 1 m l/m in  with a  linear 0  to 
1 0 0 % acetonitrile gradient containing 0 . 1 % (v/v) trifluoroacetic acid 
(TEA). The bacteriocin containing fractions from the purified 
bacteriocins of Lc. m esenteroides E131 were pooled, lyophilized and  
dissolved in 50 mM phosphate  buffer, pH 6.0, and  used  for the 
characterization .
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2.3 .5  SDS-PAGE
The d iscontinuous Tricine-SDS-PAGE (Disc-PAGE) (4, 10 and  20% 
acrylam ide for the  stacking, spacer and  separating gel, respectively) 
was perform ed according to the  procedure of Schagger & von Jagow  
(1987) to control the  purification steps and  to determ ine the  m olecular 
weight of the  bacteriocin. Myoglobin fragm ents (16,950; 14,440; 
10,600; 8,160; 6,210; 3,480; 2,510 Da) were used  as m arker proteins 
(Sigma). The system  w as also used  for the post-electrophoretic 
detection of bacteriocin activity, and  it w as performed as described by 
(De Vuyst, Callewaert, Pot, 1999). The gel assayed for antim icrobial 
activity w as overlaid with soft MRS agar, inoculated with the  indicator 
stra in  L. curvatus E33 (inoculum 1%, v/v), incubated a t 30°C for 24 h, 
and  observed for the form ation of inhibition zones.
The sam e procedure was followed for the  sem i-purified and  purified 
curvaticin L442.
2.3 .6  Protein concentration determination
Protein concentrations were determ ined by the m ethod of Lowry, 
Rosebrough, Farr, & Randall, 1951 by using  bovine serum  album in as 
standard .
The sam e procedure was followed for the sem i-purified and  purified 
curvaticin L442.
2 .3 .7  Effect o f pH  on bacteriocin activity
Crude cu ltu re  su p e rn a tan t (pH 6.5, 50 pi) was mixed with 100 p i of 
buffer (0.05 M acetate, pH 4.0 and  5.0; 0.05 M potassium  phosphate, 
pH 6.0 and  7.0; 0.05 M Tris-HCl, pH 8.0 and  9.0) and  incubated  for 4 
and  24 h  and  1 week a t 30°C. Residual bacteriocin activity was then  
determ ined as described above. The sam e procedure w as followed for
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the  purified bacteriocin of Lc. m esenteroides E131 and  for the sem i­
purified and  purified curvaticin  L442. All experim ents were perform ed 
in triplicate,
2.3.8 Effect o f  temperature on bacteriocin activity
C m de culture  su p e rn a tan t (pH 6,5) was heated for 1 h  a t 
tem pera tu res ranging from 40 to 100°C (heat block), and  for 5, 15, 30 
and  60 m in a t 121°C with 1 atm  of overpressure (autoclave). The 
bacteriocin activity was then  determ ined as described above. 
Furtherm ore, the crude cu ltu re  su p e rn a tan t (pH 6.5) w as stored for 6  
weeks a t -20, 4 and  30°C. The effect of Tween 80 w as also tested  in 
the  crude culture  su p e rn a tan t (pH 6.5) a t a  final concentration of 0.1 
% (v/v), a t -20, 4 and  30°C. Residual bacteriocin activity was then  
determ ined a t one-week intervals as described above. The sam e 
procedure w as followed for the  purified bacteriocins of Lc. 
mesenteroides E131 and for the  sem i-purified and purified curvaticin 
L442. All experim ents were perform ed in triplicate.
2.3 .9  Effect o f enzym es on bacteriocin activity
Crude culture  su p ern a tan t (pH 6.5) w as incubated  a t 30°C for 1, 4, 
and  24 h  in the presence of trypsin , lipase, a-am ylase (0.05 M sodium  
phosphate  buffer, pH 7.0), a- chymo trypsin, pro tease, and  proteinase 
K (0.05 M sodium  phosphate  buffer, pH 7.5), renin  (0.05 M sodium  
phosphate  buffer, pH 6.0) or pepsin  (0.05 M citric acid buffer, pH 2.0). 
All enzym es were used  a t a  final concentration of 0.5 m g /m l and  were 
obtained from Sigma. Crude cu ltu re  su p e rn a tan t in buffer w ithout 
enzyme, enzyme-buffer solutions, and  buffers alone were used  as 
controls. Residual bacteriocin activity was then  determ ined as 
described above. The sam e procedure w as followed for the purified
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bacteriocin of Lam esenteroides  E131 and  for the sem i-purified and 
purified curvaticin  L442. All experim ents were perform ed in triplicate.
2.3 .10 PCR amplification and sequencing o f the bacteriocin gene
Available sequences of m esenterocins and  leucocins were downloaded 
from the GeneBank with the goal of designing new specific prim ers. 
M esenterocins Y105 and  B and  leucocins K, B, A and  A-TA33a were 
considered. Sequences were analysed and  the  prim ers were produced 
(Table 2). A s tandard  reaction containing 10 mM Tris HCl pH 8.3, 50 
mM KOI, 1.5 mM MgCb, 0.2 mM dNTPs, 1.25 U Taq-polymerase 
(Applied Biosystems, Milan, Italy) and  0.2 DM of each prim er was 
used . One hund red  nanogram s of DNA, extracted from Lc. 
mesenteroides E131 as previously described (Cocolin, Rantsiou, 
lacum in, Eros, Cantoni, & Comi, 2004), was loaded into the PCR 
reaction. Amplifications were carried out in a  PTC-220 DNA Engine 
Dyad MJ Research therm alcycler (Celbio, Milan, Italy). The 
amplification cycle was characterized by a  dénatu ration  of 95°C for 1 
m in, annealing a t 45°C for 45 sec and  extension a t 72°C for 1 m in and 
30 sec. An initial dénatu ration  a t 9 5 °C for 5 m in and a  final extension 
a t 72°C for 7 m in were carried ou t as well. Five 01 of each PCR 
reaction w as analyzed by electrophoresis in 0.5 X TBE agarose gel. 
Positive PCR products of the expected m olecular weight were cloned in 
the pGEM vector (Promega, Milan, Italy) and  sen t for sequencing to a 
commercial facility (MWG, M artinsried, Germany). Sequences were 
aligned in Gene B ank for identification purposes. This work was 
carried out by the Italian group, K. R antsiou and L. Cocolin.
2.3.11 Expression in vitro o f the bacteriocin gene
MRS broth  was inoculated with 1% of an  active 18h cu ltu re  of Lc. 
mesenteroides E131 and  incubated  a t 25°C. Growths were followed by
47
spectrophotom etric m easurem ents a t 600 nm . At set time points, 
different volumes of broth  were centrifuged (the volum es were 
dependent to the  optical density and  as a  consequence to the growth) 
and  the  RNA was extracted from the pellet. The su p e rn a tan t was used  
to quantify the bacteriocin p resen t a t th a t stage using  the AWDA with 
L. monocytogenes as  indicator strain . RNA w as extracted using  a  bead 
beaded trea tm en t using  phenol-chloroform  a t pH 4.7 (Sigma, Milan, 
Italy) as previously described (Urso, R antsiou, Cantoni, Comi, & 
Cocolin, 2006). The bacteriocin was quantified using  the  critical 
dilution m ethod. RNA was blotted onto Zeta-probe m em branes 
(Biorad, Milan, Italy) in a  quan tity  of 10 Og total. For the 
hybridisation, a  probe was prepared  by PCR using prim ers mesY_F 
and  mesY_R. In the PCR reaction, digoxigenin (Roche Diagnostics, 
Milan, Italy) was used  in the  dNTPs mix in a  ratio of 1:19 with respect 
to dTTP. Hybridisations were a t 30°C and  w ashes a t 50°C. Detections 
were perform ed by using  the  Dig-Detection Kit (Roche Diagnostics, 
Milan) as suggested by the m anufactu rers. This work was carried out 
by the Italian group, K. R antsiou and  L. Cocolin.
2 .4  Purification and characterization o f curvaticin  L442, a 
bacteriocin  produced by Lactobacillus curvatus L442
2.4.1 Bacteria strains and growth conditions
L. curvatus L442 w as used  as producer stra in , while L. curvatus E33 
w as used  as the indicator strain . Both were isolated from Greek diy 
ferm ented sausage and  belong to the Collection of the Laboratory of 
Food Quality Control and  Hygiene, Agricultural University of Athens. 
L. curvatus L442 w as identified by basic microbiological tes ts  and  
SDS-PAGE of whole cell protein by BCCM ™ j  lm G  (Belgium). Listeria 
monocytogenes NCTC 10527 was also used  as indicator stra in . S trains 
were m aintained  a t -4 0  °C in 25% (v/v) glycerol. Before experim ental 
use , L. curvatus L442 and  L. curvatus E33 were sub cultu red  twice in
48
10 ml MRS bro th  (Merck) a t 30 °C for 24 h  (inoculum 1%, v/v), 
w hereas L. monocytogenes was subcu ltu red  in BHI broth  (Merck) a t 30 
°C for 24 h  (inoculum 1%, v/v).
2,4.2 Purification o f the bacteriocin
Purification steps were perform ed a t room tem perature  by using  a  fast 
liquid chrom atography system  (Waters 650E advanced protein 
purification system). All colum ns were purchased  from Am ersham - 
Pharm acia (Uppsala, Sweden).
One litre of MRS broth  w as inoculated with L. curvatus L442, 
inoculum  1% (v/v) and  incubated  a t 20 °C for 24 h. Cells were 
removed by centrifugation (10,000 x g, 4 °C for 1 h). The pH of the 
su p e rn a tan t was ad justed  a t 6.5 with 5N NaOH and  the su p ern a tan t 
was sa tu ra ted  up  to 50% with am m onium  sulphate. After overnight 
stirring a t 4 °C the bacteriocin w as pelleted by centrifugation a t 
(10,000 X g, 4 for 1 h) and  dissolved in 20 mM phosphate  buffer, 
pH 5.5.
The sam ple was applied to a  Resource S colum n (inside diam eter, 
16 mm; length, 30 mm) equilibrated with 20 mM phosphate  buffer, pH 
5.5. Elution was perform ed a t a  flow rate  of 2 m l/m in  with a  linear 
gradient 0 to 1.5 M NaCl in the sam e buffer. This process was carried 
out th ree  tim es. The bacteriocin containing fractions were pooled, 
diluted in double-distilled w ater containing 0 . 1 % (v/v) trifluoroacetic 
acid (TEA) and  applied to a  Resource RPC colum n (inside diam eter,
6.4 mm; length, 100 mm) equilibrated with the sam e solvent. E lution 
w as perform ed a t a  flow rate  of 2  m l/m in  with a  linear acetonitrile 
gradient from 0 to 100% containing 0.1% (v/v) TEA. The bacteriocin 
containing fractions were pooled, lyophilized and dissolved in 20 mM 
phosphate  buffer, pH 6.0, containing 0.25 M NaCl. The sam ple was 
filtered on a  Superdex peptide HR 10 /30  colum n equilibrated with the 
sam e buffer. Elution was perform ed a t a  flow rate  of 0.5 m l/m in . The
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bacteriocin containing fractions were pooled and  used  for the 
characterization.
2 A .3 N-terminal amino acid sequencing
A purified sam ple of the bacteriocin was applied to a  476 A protein 
sequencer (Applied Biosystem s, Foster City, Calif.) using  150 pi of the 
HPLC fraction. Homology searches were carried ou t w ith the  National 
Centre for Biotechnology Inform ation and Swiss-Prot protein 
da tabases BLAST search  (Altschul e t al. 1990). The alignm ent of the 
am ino acid sequences w as perform ed by C lustal W.
This work was carried ou t by the G erm an group, Gonzalez Van 
Driessche, B art Devreese and  Jozef Van Beeum en.
2.4.4 MS analysis
The m olecular weight of the  peptide w as determ ined by MALDI-TOF 
MS using  the 4700 Proteomics analyzer (Applied Biosystems) in the 
linear mode. Therefore, 1 p i of the  HPLC fraction was mixed with 1 pi 
of the  m atrix  solution consisting of 50 mM alpha-cyano 
hydroxycinnam ic acid in 50% actetonitrile (0.1 %) TFA, and  spotted on 
the Maldi plate. Calibration of the  in strum en t w as perform ed 
externally using  a  standard  peptide m ixture.
This work was carried ou t by the  Germ an group, Gonzalez Van 
Driessche, B art Devreese and  Jozef Van Beeum en.
2 .5  Industrial trials
2.5.1 Bacteria strains and growth conditions
Lc. mesenteroides E131 was isolated from dry ferm ented sausage 
(Collection of the Laboratory of Food Quality Control and  Hygiene, 
Agricultural University of Athens) while Lb. sakei 1154 from Italian
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ferm ented sausages. Listeria monocytogenes NCTC 10527  w as also 
u sed  as indicator strain . Before experim ental use , Lc. mesenteroides 
E131 and  Lb. sakei 1154 were subcu ltu red  twice in 10 ml MRS broth  
(Merck) a t 30°C for 24 h  (inoculum  1%, v/v), w hereas L.
monocytogenes was subcu ltu red  in BHI bro th  (Merck) a t 30°C for 24 h 
(inoculum 1 %, v/v).
2.5.2 Preparation o f sausages
Sausages were m anufactured  a t the  factory of Dianik S.A based  a t N. 
Faliro, in A thens. Three ferm entations were conducted with the 
following experim ental treatm ents: One batch  inoculated with the 
bacteriocinogenic stra in  Lactobacillus sakei 1154 as protective cu ltu re  
to an  inoculum  concentration of 10^ c fu /g  of final p roduct (Fig 2.2). In 
the second batch , the bacteriocin produced by Leuconostoc 
mesenteroides E131 was u sed  (2500 AU/ml, concentrated in 50 ml to 
be used  in 1 0 0  kg of m ixture) and  in the th ird  batch  the stra in  
Lactobacillus sakei 1154 (to an  inoculum  concentration of 10^ c fu /g  of 
final mixture) was inoculated together with the bacteriocin produced 
by Leuconostoc m esenteroides E131 (of 2500 AU/ml, concentrated  in 
50 ml to be u sed  in 100 kg of m ixture). One batch  served as control 
(Fig 2.2). All sam ples were analyzed in duplicate. The final products 
were sliced, packaged with a  packaging m achine (Henkovac 1900, The 
Netherlands) u n d er controlled a tm osphere (80% Na, 20% CO2) and 
stored a t 4±2 for 12 weeks (Fig 2.2 b). The packaging m aterial used  
w as polyamide /  polyethylene-type foil with low oxygen perm eability (13 
cm 3 /m /day  a t 23°C) (Fig 2.1).
The sausages had  the following composition (%): pork m eat, 67; 
pork back fat, 28; salt, 2.5; sugars, 1.0; mixed spices, nitrite  and  
n itra te  salts and  antioxidant (sodium erythrobate), 1.5. The fat used  
was kept a t -15  and  p recu t into 3 mm cubes while still frozen to 
avoid “sm earing” on the lean m eat surface during cutting and  later
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problem s during sausage drying. The m eat used  was frozen lean pork 
with less th an  10% visual fat, pre-tem pered a t -5  °C. All ingredients 
were mixed in a  cu tter. Initially, the m eat was ground a t low speed 
un til coarse pieces of about 10 mm in diam eter were produced. Then, 
all o ther ingredients were sequentially added, with the salt last to 
avoid m eat protein solubilization a t th is  stage. The cutting  was 
continued un til the fat particles were abou t 2 mm in diam eter. The 
m ixture w as filled into 60 mm synthetic casings under vacuum . The 
tem pera tu re  of the m ixture during  filling was -3  °C. After stuffing, 
sausages were allowed to equilibrate a t room tem perature  (15-18°C) 
for 2-3 h prior to being taken  to the  ferm entation room. Then, 
sausages were hung  in a ferm entation cham ber for 7 days. During 
th is period, the tem pera tu re  and  relative hum idity (RH) were gradually 
reduced from 23-24°C and  92-94%  to 17-18 C and  80-82%, 
respectively. At the 4 ^  and  5 ^^  day of ferm entation, sausages were 
sm oked for 2 and 3 h, respectively. Finally, sausages were transferred  
to a  drying room a t 14-15°C and  76-78%  RH for 23-28 d (ripening 
period), after which they were ready for consum ption.
Figure 2 .1 Packaging in modified a tm osphere (80% N2-20%CO2)
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a)
Le. m esen tero ides E131 
( in o c u lu m  1% in  21 MRS
L. sa ke i  1154 (inoculum 1% in 
500ml M RS broth)
I n c u b a tio n  at 25 "C
for 24h
C e n tr ifu g a tio n  » R e je c tio n  o f  c e lls
P re c ip i ta t io n  o f  s u p e r n a ta n t  
w ith  a m m o n iu m  s u lfa te  a t  
50%  SD (o v e rn ig h t)
P ellet and pellicle were dissolved  
in phosphate buffer (50ml)
In c u b a tio n  a t  3 0  °C 
fo r 2 4 h
10® c f u /m l
2 5 6 0  AU/m l Crit. Dil. m ethod
b)
2 0 0  kg 
b a t te r  
(C utter)
100 kg b a t te r Control
25 kg batter
50  kg batter '
A ddition o f  L. 
sake i  1154 (250m l)
A ddition o f  “  
bacteriocin  E131  
(25ml)
105-106 c fu /g
1280 A U /kg
25 kg b a tte r    ^^^^54 (250ml7 105-10® c f u /g  + 1 2 8 0  A U /kg
Figure 2 .2  (a, b) Experimental se tu p  in m eat industry
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2.5.3 Sampling schedule
Three batches of sausages, prepared  as described above, were used  for 
the experim ents carried out w ithin a  3 -m onth period. Sam ples were 
taken  from each batch  a t 0, 3, 4, 7, 14 and 28 days after form ulation. 
Every sam pling day, two sausages in each case, were transported  to 
laboratory and subjected to microbiological, chem ical (pH, aw, salt 
concentration, acetic and  lactic acid, m oisture content, am m onia, 
n itrite and  n itra te  concentration, proteolysis and  lipolysis) and  
organoleptic analysis. At the end of ferm entation, the slices were 
packaged under controlled atm osphere and subjected to 
microbiological analysis (Fig 2.3).
Stuffing the casin gs
Control
L. sakei
Bacteriocin
E131
L. sakei 1154 + 
Bacteriocin
S to ra g e  a t  
f e rm e n ta t io n  a n d  
r ip e n in g  ro o m
S am p lin g  d ay s
0
3
4
7
 ^ 14
28
Packaging in MAP 
(80% N2-20%C02)
Figure 2 .3  The sam pling schedu le o f  the experim ent
2.5.4 Microbiological sampling and analysis
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For microbiological analysis, the  sausage casing was removed 
aseptically. A 25 g sam ple w as added to 225 ml of sterile 0.1 % (w/v) 
saline peptone w ater (0.1 % peptone and  0.85 % NaCl) and  
hom ogenized in a  stom acher (Lab Blender, Seward, London, UK) for 2 
m in a t low speed a t room tem peratu re . Serial decim al d ilutions in % 
Ringer solution were prepared  and  1 ml or 0.1 ml sam ples of 
appropria te  d ilutions were poured  or spread on non-selective and  
selective agar plates.
Total viable coun ts were determ ined on Peptone agar ( 8  g/1 
bacteriological peptone, 15 g/1 bacteriological agar), (PA, OXOID), 
incubated  a t 30 °C for 72 h; Lactic acid bacteria  in  de Man, Rogosa, 
Sharpe agar (MRS, MERCK), overlayed with 5 ml of the  sam e m edium  
and  incubated  a t 30 °C for 72 h; Micrococci on M annitol sa lt agar 
(MSA, MERCK), incubated  a t 30 °C for 72 h; Enterobacteria- 
Escherichia coli in coli ID (BioMerieux), overlayed with 5 ml of the 
sam e m edium  and  incubated  a t 37 °C for 24 h; Enterococci on 
Kanam ycin esculin  azide agar (MERCK), incubated  a t 37 °C for 48 h; 
Staphylococcus aureus  on B aird-Parker agar (BP, MERCK), incubated  
a t 37 °C for 48 h; Y easts on Oxytetracycline glucose yeast agar (base) 
(OGY, MERCK), incubated  a t 25 °C for 5 days; Pseudom onas on 
Cetrim ide-Fucidin-Cephaloridine agar (CFC, OXOID), incubated  a t 25 
°C for 48 h.
Also, the  presence of Salmonella  spp. and  Listeria spp. was 
determ ined. For detection of Salmonella, p re-enrichm ent w as done by 
suspend ing  25 g of sam ple in 225 ml buffered peptone w ater (MERCK) 
followed by incubation a t 37 °C for 16-20 h; selective enrichm ent w as 
done by transferring  0 . 1  ml of p re-enrichm ent cu ltu re  in 1 0  ml 
Rappaport-V assiliadis b ro th  (RVS broth , MERCK) followed by 
incubation  a t 42 °C for 24 h. After incubation sam ples were streaked 
on BPLS agar, modified (MERCK) (37 «C for 24 h) and  XLD agar 
(MERCK) (37 oQ for 48 h).
For Listeria detection, enrichm ent was done by suspend ing  25 g of 
sam ple in 225 ml F raser b ro th  (MERCK) followed by incubation  at 30
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°C for 24 h. then , 0.1 ml of the  cu ltu re  enrichm ent were streaked  on 
PALCAM agar (MERCK) and  incubated  a t 30 °C for 48 h.
The microbiological param eters th a t tested  in sliced and  MA- 
packaged products were the following: TVC, LAB, Staphylococcus 
aureus, Salmonella spp. Listeria monocytogenes, E. coli 0157:H 7 (on 
Fluorocult, MERCK, incubation  a t 35 °C for 24 h) and  Escherichia coli 
(on Chrom ocult TBX, MERCK, incubation  a t 44 °C for 24 h).
2 .5 .5  Sensorial analysis
A panel of 9 persons w as created. In a  10 degrees scale the  panelists 
had  to grade the produced sausages in each ferm entation for: 
im pression before tasting, cu t surface, coherence, off-odor, smell, 
rancidity, fat quality, acidity, worse, tenderness, and  flavor, 
im pression after tasting  and  overall im pression.
2.5 .6  Lb. sakei 1154 domination in ferm ented  sausages
Five stra in s were isolated from the batch  inoculated with Lb. sakei 
1154 and  5 stra in s from the batch  inoculated with Lb. sakei 
1154+bacteriocin E131 (10 s tra in s in total). These 10 stra in s were 
isolated on 0, 4, 7, 14 and  28 days after ferm entation (50 stra ins in 
total). The 50 s tra in s  were isolated from each ferm entation (150
stra in s in total). Thus, 75 s tra in s  were isolated from the sam ples
inoculated with Lb. sakei 1154 and  75 stra ins from the sam ples
inoculated with Lb. sakei 1154 and  bacteriocin E131. Bacteriocin
production of the 150 isolated s tra in s  was assessed  using  the Agar 
Well Diffusion Assay (AWDA) m ethod with Listeria monocytogenes 
NCTC 10527  as indicator strain . If the num ber of negative to 
bacteriocin production isolated stra in s from the total num ber of 
isolated stra in s is below or upper th an  a reference curve then  a 
positive or negative im plantation, respectively, of the exam ined stra in
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is accom plished. If the  num ber of negative to bacteriocin production 
isolated stra in s is between the  two reference curves then  an  increase 
of the  isolated colonies is needed.
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Chapter 3
Work reported in this chapter contributed to Drosinos E.H., Mataragas M,, 
Xiraphi N., Moschonas G., Gaitis F. and Metaxopouios J. (2005). 
Characterization of the microbial flora from a traditional Greek fermented 
sausage. Meat Science 69, 307-317.
3. Isolation of lactic acid bacteria from sausages
3.1  Introduction
The two categories of bacteria  which play a  significant role and  are 
commonly found in ferm ented sausages are lactic acid bacteria and 
Gram-positive, catalase-positive cocci (Arkoudelos, Sam aras & 
Nychas, 1997; Coppola, Giagnacovo, lorizzo & Grazia, 1998). These 
m icroorganism s are u sed  as  s ta rte r cu ltures, prom oting m eat 
ferm entation (Papamanoli, Tzanetakis, Litopoulou-Tzanetaki & 
Kotzekidou, 2003). Lactic acid bacteria  improve safety and  stability of 
the product, w hereas Gram-positive, catalase-positive cocci enhance 
colour stability, prevent rancidity  and  release various arom atic 
substances (Nychas & Arkoudelos, 1990; Hammes, Bosch & Wolf, 
1995; Coppola et al., 1998; Papam anoli et al., 2003). Lactobacilli are 
the predom inant lactic acid bacteria  and  am ong them  the m ost 
frequently isolated s tra in s  are  Lb. curvatus, Lb. sakei, and  Lb. 
plantarum  (Schillinger & Lücke 1987; Ham mes, 1990).
Nowadays, the need for safe p roducts with standard  and  desirable 
technological properties h as  resu lted  in the use  of s ta rte r cu ltu res for 
the  production of the  dry ferm ented sausages, to control the 
ferm entation and ripening process, inhibiting the  growth of other 
undesirable m icroorganism s. This h a s  been achieved for other 
ferm ented products, such  as green table olives (Spyropoulou, 
Chorianopoulos, Skandam is & Nychas, 2001). The m ost prom ising 
bacteria  for s ta rte r cu ltu res are those, which are isolated from the
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indigenous microflora of trad itional products. These m icroorganism s 
are well adapted in the  m eat environm ent and  are capable of 
dom inating the microflora of p roducts. The stra ins selected as s ta rte r 
or protective cu ltu res m u st have the  m ost im portant technological 
properties a n d /o r  bacteriocin production capabilities (Hammes, 1990).
The aim of th is study  w as to investigate the  evolution of the 
different categories of the  m icroorganism s in naturally  ferm ented dry 
sausages and discuss their in teractions, to identify and  characterize 
the desirable groups (lactic acid bacteria  and  Gram-positive, catalase- 
positive cocci), in order to select the  m ost suitable stra ins, according 
to their technological properties and  antim icrobial activity against 
foodborne pathogens, as s ta rte r  or protective cultures.
3 .2  R esults and d iscu ssion
3.2.1 Microbiological and chemical analysis
The resu lts  of the  microbiological analysis (Table 3.1) showed th a t the 
lactic acid bacteria constitu ted  the m ajor microflora of the  sausages, 
since the cell num bers of the  total viable count and  MRS count were 
sim ilar after the 2^ ^^  day of the  ferm entation. The population of lactic 
acid bacteria  exceeded, with the exception of batch  2 , 8  logiocfu g-i by 
day 4-7 and stayed constan t during  ripening (Fig 3.4). The initial 
population of lactic acid bacteria, except for ba tch  1 , w as low since no 
s ta rte r cu ltu res were added. Because of the good adaptation  of lactic 
acid bacteria  to m eat environm ent and  their faster growth ra tes which 
were displayed during ferm entation and  ripening of sausages, they 
becam e the dom inant microflora, although in batches 2 and  3 the 
initial population of lactic acid bacteria  was low and  other types of 
m icroorganism s such  as Pseudom onas had  higher initial counts. The 
high initial counts of Pseudom onas probably were due to the pork 
back fat u sed  which had  m icrobial counts higher th an  5 logiocfu g i 
(Data not shown). The Enterobacteria-E.co/f population was lower th an
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3 logiocfu g-i after stuffing. Pseudom onas and  Enterobacteria-E.coZi 
were progressively elim inated regardless of their initial population. 
This observation confirm s the  strong competitive effect of lactic acid 
bacteria  on the res t of the  endogenous flora as is observed in other 
ferm entations (Spyropoulou et al., 2001). The low num bers of aerobic 
spore form ers (<3 logiocfu g i) did not increase further, and  in con trast 
were reduced during ripening and  rem ained below 2  logiocfu g-h 
Yeasts failed to grow above 5 logiocfu g-i during late ripening in batch
2 b u t in batches 1 and  3 their num bers decreased during 
ferm entation. Kocuria increased  0 .40-0.70 logiocfu g  ^ during early 
ferm entation in batches 2 and  3. In batches 1 and  2, the  population of 
Kocuria was reduced and  in batch  1 was actually elim inated a t the 
end of ripening of sausages. This observation reflects their poor 
com petitiveness in the presence of actively growing aciduric bacteria 
and  accordingly the decline of Kocuria in batches 1 and  2 was due to 
their faster and  more extensive acidification (Fig 3.5). Enterococci 
increased during early ferm entation and  rem ained a t a  level of 5 . 5  
logiocfu g-i un til the end of whole process, except for ba tch  1 in which 
the  initial population of enterococci was already high ( 5  logiocfu g i) 
and  during the ferm entation and  ripening of sausages the  counts did 
not change significantly and  rem ained a t a  level of 4.5 logiocfu g-h 
Finally, pathogenic staphylococci and  sulphite reducing clostridia 
were not detected after the stuffing and  during the whole process of 
ferm entation and  ripening of sausages (Figures 3.1, 3.2, 3.3).
Salmonella was not detected in any sam ples after form ulation or 
u n til the end of sausage ripening. The greatest concern associated 
with sausage safety was the  initial presence of Listeria spp. in all 
sam ples exam ined b u t it should  be sta ted  th a t listeriae were 
dim inished by the end of ferm entation, except for ba tch  3 , and  never 
detected in the final product. Listeriae survived un til 7 :^ day in batch
3 characterized by a  higher pH value th an  other two batches (Table
3.2). Indeed, the likelihood of Listeria spp. survival in adverse 
conditions of food ecosystem  is a  very crucial issue (Tassou, Drosinos
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& Nychas, 1995). The initial presence of Listeria spp. probably was 
due to the raw  m aterials (pork m eat and  pork back fat) u sed  in which 
listeriae was p resen t in all sam ples tested  (data not shown). This 
indicates the im portance of selecting raw  m aterials of good 
microbiological quality for dry sausage m anufacture.
The sausages had  high initial pH values (pH >6.0) (Table 3.2) and  
th is is related to the u se  of frozen pork, which generally had  higher pH 
th an  fresh pork and  beef m eats (Metaxopouios, Sam elis 8& Papadelli, 
2001). Also, the higher initial pH in ba tch  1 was due to the  u se  of pork 
and  beef m eats with higher pH value (Table 3.3). B atch 3 showed 
lower rate  of pH decrease in com parison with batches 1 and  2, 
probably due to different evolution of lactic acid bacteria  during the 
first 2-3 days of ferm entation and  different microbial associations. 
Generally, no essential differences in the organoleptic param eters 
am ong the sam ples in all ba tches were observed (Fig 3.8). Finally, the 
pH values in all ba tches did no t change significantly during  ripening 
(Fig 3.6). Nitrite depletion w as observed in all batches. Salt 
concentration increased and  m oisture content decreased due to 
sausage dehydration (Fig 3.7) (Metaxopouios et al., 2001).
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Table 3,1 Microbial growth* (log cfu g-^  ± SD) of the naturally fermented 
sausages
Microorganisms Day 0 Day 2 Day 4 Day 7 Day 14 Day 28
Total viable count
Batch 1 5.65±0.31 7.72±0.02 7.95±0.15 8.77±0.44 8.60±0.04 8.58±0.04Batch 2 4.33±0.05 7.55±0.03 7.62±0.02 7.51±0.14 7.47±0.01 6.48±0.13Batch 3 5.88±0.09 7.15±0.18 8.03±0.12 7.90±0.08 7.9U 0.26 7.73±0.08
Lactic acid bacteria 
Batch 1 5.57±0.03 7.65±0.09 8.02±0.10 8.34±0.07 8.22±0.06 8.31±0.05
Batch 2 3.95±0.12 7.01±0.03 7.53±0.05 7.50±0.04 7.61±0.09 7.43±0.06
Batch 3 3.84±0.21 6.07±0.02 8.44±0.04 8.14±0.07 8.07±0.03 7.61±0.31
Gram-positive,catalase-
positive cocci 3.79±0.00 3.57±0.01 2.72±0.I2 2.50±0.71 2.00±0.00 1.70±0.00Batch 1 4.63±0.29 5.39±0.25 3.79±0.29 3.62±0.23 3.48±0.10 2.73±0.40Batch 2 
Batch 3 4.86±0.09 5.18±0.11 5.39±0.05 3.90±0.30 4.05±0.38 4.50±0.13
Enterococci 
Batch 1 5.16±0.10 5.24±0.02 4.58±0.07 4.38±0.15 4.47±0.28 4.50±0.07
Batch 2 4.33±0.07 5.99±0.07 5.68±0.12 5.67±0.07 5.47±0.04 5.61±0.11
Batch 3 2.80±0.14 4.33±0.08 5.55±0.04 5.22±0.18 5.30±0.04 5.25±0.09
Enterobactcria-E. coli 2.32±0.13 1.37±0.37 <1.00 <1.00 <1.00 <1.00Batch 1 2.41 ±0.05 2.13±0.10 <1.00 <1.00 <1.00 <1.00Batch 2 
Batch 3 2.89±0.08 2.65±0.13 1.38±0.14 1.44±0.44 <1.00 <1.00
Pseudomonas 
Batch 1 5.2U0.01 3.81±0.00 3.07±0.03 <2.00 <2.00 <2.00
Batch 2 4.22±0.17 4.49±0.11 3.65±0.09 2.17±0.40 <2.00 <2.00
Batch 3 5.72±0.08 5.14±0.05 4.2U0.07 4.01±0.58 3.00±0.25 <2.00
Aerobic sporcformcrs
Batch 1 2.94±0.24 2.85±0.15 2.44±0.04 1.80±0.14 1.86±0.22 1.80±0.14Batch 2 
Batch 3 2.40±0.692.38±0.48
1.80±0.14
<2.00
2.51±0.09
<2.00
2.19±0.69
2.09±0.98
1.90±0.14
1.92±0.73
1.80±0.14
1.85±0.15
Yeasts 
Batch 1 3.68±0.02 3.51±0.02 2.30±0.00 <2.00 <2.00 <2.00
Batch 2 3.94±0.08 3.63±0.34 3.46±0.04 3.70±0.27 3.98±0.02 4.37±0.04
Batch 3 4.76±0.06 4.98±0.08 4.74±0.03 3.18±0.06 <2.00 <2.00
Pathogcnic-Stapltylococci 
(all batches) <2.00 <2.00 <2.00 <2.00 <2.00 <2.00
Sulfite reducing clostridia 
(all batches) <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Listeria 3/3** 3/3 2/3 0/3 0/3 0/3
Batch 1 3/3 3/3 2/3 0/3 0/3 0/3
Batch 2 3/3 3/3 2/3 3/3 0/3 0/3
Batch 3
Salmonella
(all batches) 0/3** 0/3 0/3 0/3 0/3 0/3
Each number is the mean of three sausage samples taken from the same batch **: Number of 
samples positive/Number of samples tested (per 25 g of sample)
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Figure 3.1 Microbial changes during fermentation and ripening process o f the 
sausages in batch 1. (m)Total viable count, (•) Lactic acid bacteria, (A) Micrococci, (Y ) Enterococci, (n) Yeasts, (o) Aerobic spore-formers, (A) 
Enterobacteria-B.coli and (V) Pseudomonas. Pathogenic Staphylococci and Sulfite reducing clostridia were below the detection limit
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Figure 3.2 Microbial changes during fermentation and ripening process o f the 
sausages in batch 2. (u)Total viable count, (•) Lactic acid bacteria, (A) 
Micrococci, (Y ) Enterococci, (a Yeasts, (o) Aerobic spore-formers, (A) 
Enterobacteria-E.coli and (V) Pseudomonas. Pathogenic Staphylococci and 
Sulfite reducing clostridia were below the detection limit
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Figure 3.3 Microbial changes during fermentation and ripening process of the 
sausages in batch 3. (m)Total viable count, (•} Lactic acid bacteria, (A ) Micrococci, (Y ) 
Enterococci, (a) Yeasts, (o) Aerobic spore-formers, (A) Enterobacteria-E.coli and (V) 
Pseudomonas. Pathogenic Staphylococci and Sulfite reducing clostridia were below the detection limit
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Figure 3.4 Evolution o f MRS counts during fermentation and ripening process 
of the sausages in (u) Batch 1, (A) Batch 2 and (•) Batch 3
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Figure 3.5 Evolution o f MSA counts during fermentation and ripening process 
of the sausages in (m) Batch 1, {•) Batch 2 and (Aj Batch 3
Table 3.2 Changes in pH  (mean value ± SD) and other chemical characteristics
of sc
Parameter DayO Day 2 Day 4 D ay? Day 14 Day 28
pH
Batch 1 6.38±0.04 5.49±0.02 4.84±0.03 4.74±0.04 4.75±0.02 4.78±0.01
Batch 2 6.18±0.01 5.42±0.04 4.89±0.06 4.84±0.02 4.82±0.01 4.83±0.00
Batch 3 6.19±0.00 6.19±0.00 5.38±0.02 5.15±0.00 4.97±0.04 5.10±0.11
NaCl (%)
Batch 1 2.215 2.508 2.584 3.022 3.927 4.224
Batch 2 2.405 2.507 3.614 3.649 3.756 3.887
Batch 3 2.540 2.978 2.988 3.227 3.972 4.035
Nitrite (mg/kg)
Batch 1 75.612 0.958 2.184 1.417 0.749 0.303
Batch 2 81.956 2.027 1.025 1.166 0.587 0.569
Batch 3 83.877 3.294 1.533 1.723 2.089 0.611
Nitrate (mg/kg)
Batch 1 104.144 3.457 2.434 4.501 4.921 5.361
Batch 2 104.772 6.631 9.001 3.852 3.671 5.805
Batch 3 98.128 102.995 21.488 3.771 6.835 5.481
Moisture (%)
Batch 1 54.58 53,30 51.14 48.88 37.91 28.22
Batch 2 52.60 52.05 49.53 46.27 41.89 34.70
Batch 3 52.24 50.74 50.61 49.09 38.19 29.80
Brine (%)*
Batch 1 28.9 32.0 33.6 38.2 50.9 59.9
Batch 2 31.4 32.5 42.2 44.1 47.3 52.8
Batch 3 32.7 37.0 37.1 39.7 51.0 57.5
Symbols: *: Brine concentration was calculated by the equation: 
Brine (%)=[NaCl (%)/(NaCl (%) + Moisture (%))]* 100
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Figure 3.6 Changes in pH  during fermentation and ripening process of the sausage, (u) Batch 1, (a) Batch 2 and (•) Batch 3
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Figure 3.7 Changes in moisture during fermentation and ripening process of the sausage, (u) Batch 2 and (•) Batch 3
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Table 3.3 pH values (mean value ± SD) of raw materials
Param eter Pork Beef Pork back fat
pH
Batch 1 6.31 ±0.03 6.11±0.05 6.25±0.03
Batch 2 6.19±0.03 5.91 ±0.02 6.33±0.08
Batch 3 6.15±0.01 6.01 ±0.05 6.19±0.00
Overall im pression
Flavor
Before tastin g  8(L
Coherence
Sm ell
Tenderness A cidity
Figure 3.8 Physicochemical changes in during fermentation and ripening 
process o f the sausage. ( )^ Control (mj Batch 1, (•) Batch 2 and (A) Batch 3
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3.2.2 Identification of the isolated lactic acid bacteria
A to tal of 288 stra in s were identified. The 255 stra in s having thick, 
short, straight or curved rod or coccoid-rod shaped cells, indicated in 
Table 3.4 as rods, were regarded as belonging to the  genus 
Lactobacillus. Based on the taxonom ic criteria of Axelsson (1998), the 
stra ins, according to the resu lts  of gas and  am m onia production, were 
characterized as: (a) facultatively heteroferm entative lactobacilli (Lb. 
plantarum, Lb. p lan tarum /pentosus, Lb. pentosus, Lb. curvatus, Lb. 
sakei. Lb. paracasei subsp . paracasei. Lb. rhamnosus), 240 stra ins; (b) 
obligately hom oferm entative lactobacilli (Lb. salivarius), 1 isolate; (c) 
obligately heteroferm entative arginine-positive lactobacilli (Lb. brevis), 
14 strains; (d) obligately heteroferm entative arginine-negative cocci or 
coccoid-rods (Leuconostoc species), 15 stra ins; and  (e) 
hom oferm entative arginine-positive cocci (Lactococcus lactis subsp. 
lactis and  Enterococcus faecium), 18 stra ins.
As indicated in Table 3.4 lactobacilli were by far the m ost prevalent 
m icroorganism s isolated from MRS agar p lates (8 8 . 6  % of the total 
isolates). Leuconostocs (5.1 %), Lactococcus lactis subsp . lactis (4.9 %) 
and  sporadic isolates of enterococci were, also, detected. The m ajority 
of the  stra in s isolated from the batches, based on the sugar 
ferm entation pa ttern , physiological and  biochemical tes ts  were 
assigned to the species, Lactobacillus plantarum  (37.2 %) and  Lb. 
plan tarum /pen tosus  (25.0 %) followed by Lb. curvatus (7.3 %), Lb. 
pen tosus  (5.9 %), Lb. brevis (4.9 %) and  Lactococcus lactis subsp . lactis 
(4.9%). Some stra ins were assigned as Lb. p lan tarum /pen tosus  
because a  clear differentiation betw een the  species was no t possible. 
These seventy two stra in s  were L-arabinose-positive and  the 
ferm entation of D-xylose (results from API test) was variable (data not 
shown). According to Sharpe (1979) Lb. plantarum  is L-arabinose- 
positive and  D-xylose-negative, w hereas Lb. pen tosus  is L-arabinose- 
and  D-xylose- positive. Lb. pen tosus  h as  been considered to be 
homologous to Lb. plantarum, since Collins et al. (1991) found th a t its
16S rRNA was more th an  99 % sim ilar to th a t of Lh. plantarum  and  
questioned the  worth of keeping Lb. pen tosus  as a  separate  species.
A notable observation w as the low presence of Lb. curvatus and  Lb. 
sakei (7.3 and  3.5 %, respectively) and  the high presence of Lb, 
plantarum  (37.2 %) and  Lb. p lan tarum /pen tosus  (25.0 %), resu lts  th a t 
are counter to those of o ther researchers (Papamanoli et al., 2003; 
Sam elis, M aurogenakis & M etaxopouios, 1994; Samelis, 
Metaxopouios, Vlassi & Pappa, 1998). According to these  findings the 
dom inant species found in Greek dry ferm ented sausages were Lb. 
curvatus/Lb. sakei and  only a  few isolates were assigned to the 
species Lb. plantarum.
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3.2.3 Phenotypic characterization of the isolated lactic acid bacteria
The phenotypic characteristics of the  isolates are p resented  in Table 
3.4 and  3.5. The m ost frequently isolated lactic acid bacteria  from dry 
sausages processed w ith different technologies are Lb. sakei, Lb. 
curvatus and  Lb. plantarum  (Hammes, 1990). The m ajority of the 
above m icroorganism s were capable to grow a t tem perature  of 4 °C, 
b u t not a t 45 °C, w hereas all s tra in s were able to grow at 
tem pera tu res of 10, 15 and  37 °C. Also, Lb. sakei. Lb. curvatus and  Lb. 
plantarum  s tra in s grew in 8  % NaCl, b u t the growth of Lb. curvatus 
and  Lb. plantarum  in 10 % NaCl w as variable. Only one Lb. sakei 
stra in  was able to grow in 10 % NaCl. Generally, Lb. sakei s tra in s  were 
less salt-to lerant th a n  Lb. curvatus and  Lb. plantarum. The m ajority of 
Lb. sakei s tra in s could deam inate arginine, b u t no Lb. curvatus 
possessed  th is capacity, in accordance with the ‘typical’ characteristic  
of the  species. Several Lb. plantarum  s tra in s were capable of growing 
a t 45 °C and  could hydrolyze arginine. O ther au tho rs  (Hugas, Garriga, 
Aymerich & Monfort, 1993; Sam elis et al., 1994; Papam anoli et al., 
2003; M aurogenakis, & M etaxopouios, 1994) have reported the 
isolation of Lb. plantarum  s tra in s  capable of growing a t th a t 
tem perature , and  also isolation of stra ins capable of hydrolysing 
arginine (Coppola et al., 1998). Such differences in several 
physiological and  biochem ical properties, like growth a t 45 °C and 
different salt concentrations m ight be stra in  dependant (Hugas et al., 
1993; Sanchez, Palop & Ballesteros, 2000). Finally, Lb. sakei or Lb. 
curvatus s tra in s did no t produce dextran from sucrose and  only two 
ou t of 107 Lb. p lantarum  s tra in s did so. The isolates identified as Lb. 
curvatus and  Lb. sakei did not ferm ent xylose, m annitol, sorbitol and  
raffinose. Moreover, the  former species was melibiose-negative and  
maltose-positive, w hereas the  la tte r species showed the  opposite 
characteristics. These were in accordance with those of o ther workers 
who classified such  isolates as Lb. curvatus and  Lb. sakei (Kandler & 
Weiss, 1986; Schillinger 85 Lücke, 1987; Samelis et al., 1994).
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Lb. curvatus stra in s were saccharose- and  trehalose-positive, 
arabinose-negative and  a  high percentage (47.6 %) ferm ented 
cellobiose. Samelis et al. (1994) also found isolates of Lb. curvatus to 
be saccharose-positive and  a  high percentage of the  s tra in s  were 
trehalose- and  cellobiose-positive. Lb. curvatus s tra ins, which are 
saccharose-positive and  trehalose-variable, have often been isolated 
from m eats (Reuter, 1981; Korkeala & Makela, 1989). The Lb. sakei 
s tra in s  did not ferm ent m altose and  lactose, a  tendency very common 
am ong Lb. sakei s tra in s  of m eat origin (Schillinger 8s Lücke, 1987; 
H astings 8& Holzapfel, 1987; Sam elis et al., 1994). Also, the stra in s 
were trehalose- and  cellobiose-positive and arabinose-negative. 
Similar resu lts  were found by Sam elis et al. (1994) during  the 
characterization of the  m icroflora of na tu ra lly  ferm ented sausages. Lb. 
plantarum  s tra in s were able to ferm ent all the common carbohydrates.
Species of Lb. paracasei subsp . paracasei, Lb. rham nosus, Lb. 
brevis, Ln. m esenteroides subsp . mesenteroides, Ln. lactis, Lc. lactis 
subsp . lactis and  Enterococcus faecium  were also detected. These 
species have been, occasionally, isolated from m eat (Samelis et al., 
1994; Rodriguez et al., 1995; Noonpakdee, Santivarangkna, 
Jum riangrit, Sonomoto 85 Panyim, 2003). Enterococci persist un til the 
end of the ripening process (Table 3.1), implying th a t they m ay 
compete well the o ther m icrobes in ferm ented sausages as reported by 
Holley, Lammerding 85 Tittiger (1988). Finally, some stra in s  were 
classified as not identified lactic acid bacteria  (Table 3.4) because of 
the difference between physiological-biochemical tes ts  and  API test. 
For instance, gas production gave only th ree  positive stra ins, w hereas 
API 50 CHL identified several s tra in s as heteroferm entative [Lb. brevis, 
Ln. m esenteroides subsp . m esenteroides or Ln. lactis).
It is very im portan t to note th a t sugar ferm entation profiles 
obtained by API 50 CHL, ap art from excellent to good or acceptable 
identification (identification of one stra in  with ID>85-95%), gave 
several doubtful and  low discrim ination profiles (identification of two 
or more stra in s with ID<80%). Therefore, a  clear species or subspecies
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assignm ent was not possible and  the identification of the  doubtful and  
low discrim ination profiles w as perform ed on the basis of o ther tests, 
such  as cell morphology, growth a t various tem pera tu res etc. 
Identification of lactic acid bacteria  with large num bers of tests is 
tedious, time consum ing and  the resu lts  obtained, m ostly by m edia 
with colorimetric changes, the  evaluation of which is always 
subjective, are often difficult to in terpret. Furtherm ore, determ ination 
of carbohydrate ferm entations is no t very convenient and  m ay be 
m isleading (Shaw 85 Harding, 1984). It is unsatisfactory  to consider 
only carbohydrate ferm entation pa tte rn s because variable 
ferm entations often occur (Champomier, Mon tel, Grim ont 8s Grimont, 
1987). Andrigetto et a l  (1998) found th a t some stra in s were wrongly 
assigned to species or subspecies, on the  basis of sugar ferm entation 
profiles obtained by API 50 CHL, which were totally different from 
those, obtained with o ther genotypic m ethods.
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Chapter 4
4. Screening of the isolated strains for the production of 
bacteriocins and their purification
4 .1  Laboratory experim ents, using indicator m icroorganism s to  
evaluate the ability o f  the iso la tes to produce bacteriocins
4.1.1 Results
From the 300 stra ins, one stra in , Leuconostoc m esenteroides E131 
w as found to exhibit antagonistic  activity against only Listeria 
monocytogenes NCTC 10527 and  none micrococci-staphylococci stra in  
w as found to produce bacteriocin. Because of its strong action against 
food-borne pathogen Listeria monocytogenes NCTC 10527, the  lactic 
acid bacterium  stra in  was selected for fu rther study. Also, the 
m icroorganism  Lactobacillus curvatus E33 was selected as indicator 
stra in  for fu rther stud ies (Table 4.1). W hen the cell-free culture  
su p e rn a tan t of Lc. m esenteroides E131 w as tested against 17 indicator 
stra in s used , 9 of them  were found to be sensitive. The inhibitory 
spectrum  included several LAB, and  the pathogenic bacteria  L. 
monocytogenes. The po ten t inhibition w as observed with Lb. curvatus 
E33 and  L. monocytogenes NCTC 10527. All values rep resen t the 
averages of two experim ents.
Antagonistic activity of the  antim icrobial com pound was inhibited by 
the presence of proteolytic enzymes, such  as trypsin, a-chym otrypsin, 
proteinase K and protease, revealing the  proteinaceous n a tu re  of the 
active agent. The fact th a t the  bacteriocin is inactivated by trypsin and  
a-chym otrypsin h as a  significant technological interest.
These two enzym es are p resen t in pancreatic  juice, produced by 
pancreas and  with the  o ther enzym es prom ote the hydrolysis of the 
various nu trien ts , such  as lipids, carbohydrates and  proteins, th u s .
the  bacteriocin can be inactivated by the proteolytic enzymes. In the 
presence of pepsin the antim icrobial com pound exhibited antagonistic 
activity. This could be due to the  different s tru c tu re  of the 
antim icrobial com pound. The sam e w as found for the  bacteriocin 
produced by the stra in  Leuconostoc m esenteroides L I24 (M ataragas et 
al., 2002). Also, enterocin 1146 (Parente and  Hill, 1992) was 
inactivated by trypsin, while enterocin 01 (Olasupo et al., 1994) was 
not. The inhibitory agent w as inactivated by a-am ylase, suggesting 
th a t peptide is a  glycoprotein. The sam e observation w as m ade by 
Baker et al. (1996) and  Lewus et al. (1992) for one stra in  of 
Leuconostoc param esenteroides. T reatm ent of the inhibitory agent with 
catalase did no t affect its antagonistic  activity, excluding the 
inhibitory effect of hydrogen peroxide. Finally, the  technological 
properties of Leuconostoc m esenteroides E131 are presented  in Table 
4.2.
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Table 4 .1  Inhibitory spectrum of Lc. mesenteroides El 31 and incubation
Indicator organism Cultivation
Medium " Incubât, temp. (“C)
Lc.
mesenteroides
E131
Lactobacillus cw'vatus E7 MRS 30 (+)"
Lactobacillus curvatus E33 MRS 30 ++
Enterococcus faecium/durans E l6 MRS 30 +
Enterococcus faecium/durans E24 MRS 30 -
Lactobacillus casei/paracasei'Ell MRS 30 -
Lactobacillus casei/paracasei E64 MRS 30 -
Lactobacillus sakei El 8 MRS 30 +
Lactobacillus sakei E60 MRS 30 -
Lactobacillus farciminis E88 MRS 30 ((+))Lactobacillus farciminis E l 00 MRS 30 +
Lactobacillus paraplantarum E47 MRS 30 -
Lactobacillus paraplantarum E73 MRS 30 (+)
Lactobacillus plant arum E48 MRS 30 (+)
Lactobacillus plantarum E62 MRS 30
Lactobacillus alimentarius E89 MRS 30 -
Escherichia coli 0157:H7 NCTC BHI 37
12079
Staphylococcus aureus NCTC BHI 37 -
1499
L. monocytogenes'HOTC 10527 BHI 30 ++
a: BHI, brain heart infusion (Oxoid); MRS, de Man-Rogosa-Sharpe broth (Merck)
b: ++; 15 mm diameter of the zone +; 9 mm diameter of the zone, (+): 7 mm diameter of
the zone, ((+)): 5 mm diameter of the zone, no inhibition zone.
Table 4.2 Technological properties o f  Leuconostoc m esenteroides El 31
Technological characteristic Result
Growth at temperatures:
10 T +
14 °C +18°C +
Growth at 4.5% NaCl +
Growth at 100 and 200 ppm: +
NaNOs +
NaNO^ 4.75
Acidification +
Production of CO2 +
Slime formation -
Reduction ofNaNOg and NaNOs weak
Production of peroxides 
Production of biogenic amines from: 
Tyrosine 
Histidine 
Ornithine 
_______________ Lysine___________
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4 .2  Purification o f bacteriocin  produced by Lc. m esenteroides 
E131
Work reported in this chapter contributed to N. Xiraphi, M. Georgalaki, K. 
Rantsiou, L. Cocolin, E. Tsakalidou, and E. H, Drosinos (2008) Purification 
and characterization of the bacteriocin produced by Lc. mesenteroides E131. 
Meat Science, 80 (2), 194-203.
4.2.1 Introduction
A m ajor concern for the  food industry  is the psychrotrophic 
pathogenic m icroorganism , ub iqu itous in n a tu re , Listeria 
monocytogenes. Its ability to survive in various environm ental 
conditions, such  as refrigeration (Grau & Vanderlinde, 1990), a t pHs 
as low as 3.6 in foods (Parish 8b Higgins, 1989), in salt concentrations 
up  to 10% (McClure, Roberts, & Ottooguru, 1989), significantly 
contributed  to its s ta tu s  as hazard . The capability of lactic acid 
bacteria  to produce bacteriocins with an ti-listeria  activity h a s  gained 
m uch in terest in improving the  quality and safety of various foods. 
Bacteriocins are a  heterogeneous group of an tibacterial proteins or 
peptides th a t are active generally against a  limited range of bacteria 
th a t are closely related to the producer stra in  (Klaenhammer, 1988).
Leuconostocs are heteroferm entative lactic acid bacteria, found in 
ferm enting vegetables, diary, m eat p roducts and  wine. Several s tra in s 
of Leuconostoc spp. produce bacteriocins with an ti-listeria  activity, 
including Lc. mesenteroides Y105 from goat milk (Hechard, Derjard, 
Letellier, 8b Cenatiem po, 1992); Lc. mesenteroides 6 from m alted barley 
(Fimland, Sletten, 8b Nissen-Meyer, 2002); Lc. mesenteroides UL5 from 
C heddar cheese (Daba, Panadian, Gosselin, Sim ard, Huang, 8b 
Lacroix, 1991); and  Lc. m esenteroides ssp. dextranicum  ST99 from 
boza (Todorov 8b Dicks, 2004).
Several workers have dem onstrated  th a t Leuconostocs isolated from 
vacuum -packed m eat p roducts are able to produce bacteriocins th u s  
increasing the  microbiological safety of the m eat p roducts (Bredholt,
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Nesbakken, 8s Hoick, 1999). Leuconostoc species of m eat origin, which 
produce antilisterial bacteriocins, are characterized as class II 
bacteriocins (Papathanasopoulos, Dykes, Revol-Junelles, Delfour, 
Holy, 8s Hasting, 1998). Class II LAB bacteriocins are sm all (<10 kDa), 
hea t stable, non -lan th ion ine  containing, m em brane active peptides 
(Klaenhammer, 1993). Leuconostoc stra in s isolated from m eat 
p roducts, produce anti- L isteria/anti-LAB class II bacteriocins such  
as: leucocin A-UAL 187 from Lc.gelidum  UAL 187 (Hastings, Sailer, 
Johnson , Roy, Vederas, 8s Stiles, 1991); leucocin B -T A lla  from 
Lc.cam osum  T A lla  (Felix, Papathanasopoulos, Sm ith, von Holy, 8s 
Hasting, 1994); leucocin FIO from Lc.cam osum  FIO (Parente, Moles, 8s 
Ricciardi, 1996); leucocin 4010 from Lc.cam osum  4010 (Budde, 
Hornbaek, Jacobsen , Barkholt, 8s Koch, 2003); leucocin A-, B-, and  C- 
TA33a from Lc. mesenteroides TA33a (Papathanasopoulos, Revol- 
Ju n e less , Lefebre, Le Caer, Von Holy, 8s Hasting, 1997); carnosin  
LA44A from Lc.cam osum  LA44A (van Laack, Schillinger, 8s Horzaphel, 
1992) and  the bacteriocins produced by Lc. paramesenteroides-La7a. 
and  Lc.camosum-La54a (Hasting, Stiles, 8s Holy, 1994). Revol-Junelles 
8s Lefebvre 1996 reported production of bacteriocins from Lc. 
mesenteroides ssp. dextranicum  J2 4 , isolated from French soft cheese, 
and  Lc. mesenteroides ssp. m esenteroides FR 52 isolated from raw  
milk, which only inhibit o ther Leuconostoc stra ins. Finally, 
Leuconostoc sp. J2  from Kimchi (Choi, Lee, Her, 8s Yoon, 1999) 
exhibited an  inhibitory activity against several LAB and  some food- 
borne pathogens.
Even if bacteriocin producing Leuconostoc s tra in s c a n ’t be easily 
used  as s ta rte r cu ltu res due to the  fact th a t they produce considerable 
am oun ts of carbon dioxide during  ferm entation of carbohydrates, their 
bacteriocins can be u sed  as bio- preservatives in foods to control the 
growth of Listeria monocytogenes.
The sem i-purified bacteriocin of Lc. mesenteroides E l 31 h as  already 
been used  in the ferm ented sausage m anufacturing  process. It was 
show n with challenge experim ents th a t addition of bacteriocin h as an
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effect on the tim e of 4 log reduction of Listeria monocytogenes 
(Drosinos, M ataragas, Veskovic- M oracanin, G asparik-Reichardt, 
Hadziosmanovic, & Alagic, 2006). Taking into account the  above 
resu lts , it was considered to be challenging to elucidate the n a tu re  of 
the  molecule, which was responsible for the an ti-listeria  activity of Lc. 
mesenteroides E131, especially in view of its applicability as 
biopreservative in ferm ented products. Moreover, the revelation of the 
kinetics of the expression of the  respective gene was considered as an  
additional source of inform ation abou t the potential u se  of the 
producer stra in  as protective starter.
4.2.2 Results
4.2.2.1 Kinetics o f growth and bacteriocin production
Bacteriocin production sta rted  during  the early exponential growth 
phase  and  it w as continued un til the  early exponential phase, a t 
w hich the m axim um  bacteriocin titer was observed (640 AU/m l and  
1280 A U /ml a t 30 and  25°G, respectively). For th is purpose, the 
optim um  tem perature  for the  bacteriocin production w as 25°C (Fig 
4.1).
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Figure 4.1 Kinetics o f growth and bacteriocin production by Lc. mesenteroides 
E l31 in MRS broth at (A) 25°C and (B) 30 °C.(») ODeoo, (m) pH, and (A) 
bacteriocin activity (AU/ml) against L. curvatus E33
4.2.2.2 Purification o f the bacteriocin
A com bination of am m onium  su lphate  precipitation, cation exchange 
chrom atography, and  reverse phase  chrom atography w as used  to 
purify the  bacteriocin to homogeneity. Bacteriocin of Lc. mesenteroides 
E131 required 0.8M NaCl, to be eluted from the cation-exchange (pH 
5.5). The corresponding am ount of acetonitrile on the reverse-phase 
colum n for the elution of the  bacteriocin was 53.3% (v/v) (Fig 4.2). 
Purification was followed by SDS-PAGE for both high- and low- 
m olecular weight proteins. The d a ta  for recovery and  degree of 
purification are compiled in Table 4.3.
Table 4.3 Purification o f bacteriocin produced by Lc. mesenteroides E l 31
Purification
step
Volume
(ml)
Activity
(AU/ml)
Protein
Concentration
(mg/ml)
Total
activity
(AU)
Specific
activity
(AU/mg)
Purification
Fold
Crude 995 640 0.334 636,800 1,916.2 1
(NH4>2S04 200 1280 0.122 256,000 10,491.8 5.5
ResourseS, 114 160 0.018 18,240 8,888.9 4.6
pH5,5
(NH4)2S04 40 160 0.129 6,400 1,240.3 0.6
Resourse 5 1280 0.027 6,400 47,407.4 24.7
RPCI
Resourse 2.3 320 0.018 736 17,777.8 9.3
RPCll
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Figure 4 .2  Elution and activity o f  the bacteriocin from  Lc. m esen teroides E l 31 
on a) R esourse S and b) R esourse RFC column (A) Bacteriocin E l 31 activity d  
(mm), (o) A2 8 0 .
4 .2 .2 .3  Molecular w eight determ ination
In the d iscontinuous Tricine-SDS-PAGE analysis the purified 
bacteriocins did not give definite bands, bu t in the post- 
electropboretic detection analysis, the purified bacteriocin was active 
against the indicator stra in  L. curvatus E33 and gave a band, which 
corresponded to a  m olecular m ass of approxim ately 2,5-3,5 Da (Fig
4.3).
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Figure 4 .3  (A) Tricine SDS-PAGE. Lanes: a, m arker pro teins (Myoglobin 
fragm ents); b, Crude (NH4)2S0 4  precipitation; c, the fractions from  the R esourse  
S; d, (NH4)2S04 precipitation; e, the fractions from  the R esourse RPC. (B) Post- 
electrophoretic detection o f  the antimicrobial activity w ith  L. curvatus E33 as  
indicator strain
4 .2 .2 .4  Effects o f pH, tem perature and en zym es on bacteriocin activity
Both crude and purified bacteriocins of Lc. mesenteroides E131 d idn ’t 
reta in  full activity after 1 week a t 30°C a t pH 4-9. At pH > 6, 80% 
residual activity was determ ined after 4 b at 30°C, while full 
inactivation was observed after 24 b (Table 4.4).
40% loss of activity of the crude bacteriocin of Lc. mesenteroides 
E131 was determ ined after incubation  a t higher tem pera tu res (90 and 
100°C). Moreover, a t 90 and  100°C the activities of the purified 
bacteriocin were 40, 20% respectively. 80, 60% activity of the crude 
bacteriocin were determ ined at 121°C for 5, 15 min, respectively. 
Storage of the crude bacteriocin a t tem pera tu res < 4°C did not affect 
significantly the activity even not after 4 weeks. The purified 
bacteriocin reta ins its activity for 4 weeks. At 30°C however, activity 
was decreased after 2 weeks for the crude and  the purified bacteriocin 
Lc. mesenteroides E131. The addition of Tween 80 bad no influence on 
the activity.
Proteolytic enzymes, such as trypsin, a-cbym otrypsin, a-am ylase, 
pro tease, proteinase K and pepsin, inactivated both the crude and the 
purified bacteriocin even after 1 b of incubation, while renin  resulted
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in full inactivation only after 24 h. Lipase resulted  in full inactivation 
after 4 , lh  for the  crude and  purified molecule, respectively (Table 4.4).
Table 4 .4  Effect o f  tem perature, p H  and en zym es on the bacteriocin produced
Treatment
Temperature 
(at pH 6.5)
% residual activity
Crude supernatant Purified bacteriocin
40°C“ 100^ 100
50“C 100 100
60“C 100 100
ItfC 100 80
80"C 100 60
90°C 60 40
lOOT 60 20
12 PC  a) 5 min 80 -
b) 15 min 60 -
c) 30 min - -
d) 60 min - -
Storage (week) 0 1 2 3 4 5 6 0 1 2  3 4
(at pH 6.5)
-2 0 T 100 80 80 80 80 80 80 100 80 80 60 60
4°C 100 100 80 60 60 60 40 100 80 60 40 40
30°C 100 80 40 - 100 60 20 - -
pH (a t3 0 “C) 4h 24h Iw 41i 24h Iw
4 100 100 - 100 100 -
5 100 80 - 100 80 -
6 80 80 -
7 80 80 -
8 80 80 -
9 80 80 -
Enzymes' 111 41i 24h 111 4h 24h
Rennin 100 40 - 40 20 -
lipase 80 40 - 40 -
Synnbols: -, no inhibition zone; a, At 40f‘C-100°C for Ih incubation; b, diameter o f  the inhibition zone; 
c, enzymes in final concentration 0.5 mg/ml; w, week
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4.2.2.5 Gene sequencing
Specific prim ers for m esenterocins B and  Y105 and leucocins K, B, A 
and  A-TA33a were designed and  tested  on the extracted DNA. As 
shown in Fig 4.4, the specific prim ers for m esY  produced a PCR 
product of the expected m olecular weight, b u t also m esB  prim ers gave 
a faint PCR product. After cloning and  sequencing, alignm ents in 
GeneBank confirmed th a t the PCR product obtained with the prim ers 
mesY_F and  mesY_R was representing  the m esY  gene from Lc. 
mesenteroides E131. At DNA and protein level, it was determ ined a 
100% homology with the ones already deposited in GeneBank (data 
not shown).
10 11 12 13 14 15 16
Figure 4 .4  M esenterocins and leucocins specific PCRs w ith  the designed  
prim ers on the Lc. m esen teroides E l 31 DNA. Lanes 3, 6, 11 and 14, 100 bp  
ladder. Sigma, Italy; lane 2, Lc m esen teroides E l 31 DNA am plified w ith  
prim ers specific fo r  m esenterocin B, lane 3, negative control fo r  prim ers specific  
fo r  m esenterocin B; lane 4, Lc m esen teroides E l 31 DNA amplified w ith  
prim ers specific fo r  m esenterocin Y, lane 5, negative control fo r  prim ers specific 
fo r m esenterocin Y; lane 7, Lc m esen teroides E l 31 DNA amplified w ith  prim ers
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specific for leucocin K, lane 8, negative control for primers specific for leucocin 
K; lane 9, Lc mesenteroides E l 31 DNA amplified with primers specific for 
leucocin A, lane 10, negative control for primers specific for leucocin A; lane 12, 
Lc mesenteroides El 31 DNA amplified with primers specific for leucocin B, 
lane 13, negative control for primers specific for leucocin B; lane 15, Lc 
mesenteroides E l 31 DNA amplified with primers specific for leucocin A-TA33a, 
lane 16, negative control for primers specific for leucocin A-TA33a.
4.2.2.6 Expression analysis
As reported in Figure 4.5, Lc. m esenteroides E l 31 was able to grow 
relatively fast with a  lag phase  of ju s t  9h, and  after 3Oh it w as able to 
reach  the  stationary  phase. Already a t 20h counts were above 10^ 
cells/m l, taking into account th a t an  OD equal to 1 was abou t 6.4 x 
10"^  cells/m l, as determ ined by plate counts (data not shown). The 
gene started  to be expressed a t 4h, w hen the counts increased. The 
m axim um  of expression was calculated a t 24h, w hen also the 
bacteriocin activity, in AU/ml, reached the  m axim um  value of 360. 
The gene rem ained on un til the end of the  period m onitored.
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Figure 4 .5  R esults o f  the expression  an a lysis  in vitro fo r  Lc. m esenteroides  
E131. Panel A, (•) growth curve and (A) bacteriocin activity titration using L. 
m onocytogenes a s  indicator strain  Panel B, RNA dot b lo t Lines designation  
represen ts the hour o f  sam pling.
4.2.3 Discussion
Lc. mesenteroides E131 h as  been shown to produce a  proteinaceous 
substance  with antilisterial activity a  quality shared with m ost of the 
bacteriocins produced by Leuconostoc spp. (Hasting et al., 1994, 
Stiles, 1994). The bacteriocin nam ed m esenterocin E131 accum ulated 
in the exponential phase  with a  m axim um  activity in the late 
exponential phase of growth, as  reported for other bacteriocins 
produced from LAB (Enan et al., 1996; Todorov et al., 1999). A decline 
in the inhibitory activity during the  late stationary growth phase was 
observed and  th is m ay be due to proteolytic degradation, adsorption to 
cells or bacteriocin aggregation (DeVurst et al., 1996; Aasen et al., 
2000). Similar behavior w as observed in m esenterocin 52 (Mathieu et
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al., 1993) production. Leuconocin J  and  m esenterocin 5 w as secreted 
from cells principally during the  late exponential phase  of growth 
(Choi et al., 1999, D aba et al., 1991).
Production of two bacteriocins from the sam e producer stra in  is well 
known and  h as am ong o thers also been reported for Lc. mesenteroides 
s tra in s  such  as: m esentericin  Y105 and  B105 (Hechard et al., 1992); 
m esenterocin 52A and  52B (Revol Junelles et al., 1996); and  leucocin 
A- B“ C-TA33a (Papathanasopoulos et al., 1997). Lc. m esenteroides 
E131 produce one bacteriocin such  as: M esenterocin 5, (Daba et al.,
1991), m esentericin  ST99 (Todorov 8& Dicks 2004) and  leucocin C 
(Fimland et al., 2002). Furtherm ore, Lc. m esenteroides E l 31 is the 
first s tra in  isolated from ferm ented sausages, which is m esentericin  
Y105 positive. M icrosequencing of the pure bacteriocin and  of tryptic 
fragm ents showed th a t m esentericin  Y105 is a  36 am ino acid 
polypeptide whose prim ary s tru c tu re  is close to th a t of Leucocin A- 
UAL 187, which con tains an  extra residue a t the  C -term inus and 
displays only two differences in the overlapping sequence. (Hechard et 
al., 1992). However the producer stra in  of Leucocin A-UAL 187, Lc. 
gelidum  UAL 187 h a s  been isolated from m eat (Hasting, Stiles et al., 
1994).
By targeting the gene responsible for bacteriocin production with 
specific PCR prim ers and  after sequencing of the am plicon produced, 
it w as determ ined th a t the molecule produced by Lc. mesenteroides 
E131 w as identical to m esenterocin Y105. It is im portan t to underline 
th a t the m esenterocins and  leucocins genes considered here to design 
specific prim ers were targeted several tim es in Leuconostoc spp., 
thereby they should be considered as representative of bacteriocin 
genes typical of these species. Only with the  prim ers specific for m esY  
gene we were able to obtain a  PCR product of the expected m olecular 
weight, th u s  dem onstrating th a t the  stra in  is able to produce only one 
bacteriocin.
In order to evaluate w hen the bacteriocin was produced during 
growth, expression analysis were performed using  the  developed
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specific probe for m es Y  gene. It w as determ ined th a t the gene 
responsible for the  production of m esenterocin E l 31 w as highly 
expressed during the  exponential phase, b u t it rem ained on, although 
a t low levels, un til the end of the m onitored period. This evidence is in 
agreem ent with previous stud ies conducted on other species of lactic 
acid bacteria. Tichaczek et al., (1992) dem onstrated the production of 
curvacin A, from Lactobacillus curvatus LTH1174, and  sakacin  P, from 
Lactobacillus sakei LTH673, in the  exponential growth phase, and  the 
sam e resu lts  were obtained by Urso et al., (2006) studying the  
expression of the sakacin  P gene from Lb. sakei 1154 isolated from 
naturally  ferm ented sausages.
It h a s  been shown (Felix et al., 1994) th a t bacteriocins from 
Leuconostoc s tra in s isolated from m eats are all peptides in the range 
of 3 ,500-4,000 Da and  m ay be very strictly related, even a t the 
m olecular level (Hasting et al., 1994). The resu lts  of the  p resen t study 
showed th a t the m olecular m ass of the  bacteriocin is ranged between 
2 ,510-3,480 Da. Molecular m asses which have been reported in the 
litera ture  for various bacteriocins isolated by leuconostocs in m eat 
p roducts are the following: leucocin A-UAL187 (3,930 Da, H astings 
et., 1991), leucocin C-TA33a (4,598 Da), leucocin B-TA33a 
(approximately 3,466 Da, Papathanasopoulos et al., 1997) and 
leucocins 4010 (4,600-5,300 Da, B udde et al., 2003).
Drosinos, M ataragas, & M etaxopoulos, (2006) found th a t the  pH 
range for good Lc. m esenteroides bacteriocin production is ra th e r 
narrow  6.0-5.0. However th is range corresponds to the  pH drop 
observed during the  ferm entation of sausages (6.2-4.8). Moreover in 
the  sam e study the optim um  tem peratu re  for both cell growth and  
bacteriocin production w as 25°C. Also, Lc. m esenteroides E131 was 
capable to bacteriocin a t tem pera tu res of 18 and  30 °C. Notably, the 
range of 25-18 °C corresponds to the  tem perature range, applied 
during the ferm entation of E uropean sausages. In the p resen t study, 
Lc. mesenteroides E131 bacteriocin re ta in  activity a t a  broad range of 
pH (4.0-9.0). The stability a t low pH is very im portant for its potential
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application in foods, such  as ferm ented m eat p roducts, in which 
acidic conditions prevail (Lücke, 1985). It is also quite h ea t stable, 
since 40% loss of activity of Lc. m esenteroides E131 bacteriocin was 
determ ined after incubation  a t higher tem pera tu res (90 and  100°C). 
So, the  u se  of Lc. m esenteroides E131 bacteriocin in ferm ented 
sausages seem s to be a  straightforw ard option. O ther bacteriocins 
isolated from Lc. m esenteroides have sim ilar features. M esentericin 
Y105 (Hechard et al., 1992), is h ea t stable (60°C for 120 m in a t pH 
4.5) and  partially inactivated by autoclaving or heating a t 100°C for 
120 min. Proteolytic enzym es pronase, proteinase K, trypsin, and  
chym otrypsin totally inactivated the  m olecule within a  1-h incubation  
period. M esenterocin 52 is stable a t pH range 4.5-7.0 and  res is tan t a t 
100°C for 15 m in (M athieu et al., 1993) and m esenterocin 5 is 
res is tan t a t 100°C for 30 m in (Daba et al., 1991). Leucocin A (Hastings 
et al., 1991), is stable a t pH 2.0 to 3.0, even after heating a t 100°C for 
20 min. The purified molecule is inactivated by protease, b u t no t by 
lipase and  phospholipase. Finally, carnosin  44A is stable a t 100°C b u t 
not a t 121°C. The bacteriocin is active over a  wide range of pH (from 2 
to 9) and  inactivated by alpha-chym otrypsin and trypsin b u t not by 
catalase and  other nonproteolytic enzym es (Van Laack et al., 1992). 
The alternative approach  to food preservation with bacteriocins is to 
add Bac+ organism s to foods. Lc. mesenteroides E131 is a  stra in  
isolated from ferm ented sausage, and  produces the bacteriocin, which 
is active against L. monocytogenes, a  comm on pathogen in ferm ented 
m eats. The broad inhibitory spectrum  of the Lc. m esenteroides E131 
bacteriocin and  its ability to reta in  activity u n d er tem pera tu re  and  pH 
conditions prevailing in m eat ferm entations m akes it a  suitable 
biopreservative with the  potential to increase the security and  extend 
the storage life of ferm ented sausages.
90
4 .3  Purification o f  curvaticin
Work reported in  th is  ch apter con trib u ted  to Nia Xiraphi, M arina G eorgalaki, 
G onzalez Van D riessch e , B art D evreese, J o zef Van B eeu m en , Effie 
T sakalidou , J o h n  M etaxopou los and  E leftherios H. D rosin os (2005) 
Purification an d  characterization  o f curvaticin  L 442, a  bacteriocin  produced  
by Lactobacillus curvatus  L 442. Antonie van L eeuw enhoek 89 , 19-26 .
4.3.1 Introduction
Dry ferm ented sausages are comm on traditional m eat products in 
m any countries (Lücke 2000; Roca and  Incze 1990). Surveys of 
na tu ra lly  ferm ented products have dem onstra ted  th a t the  dom inant 
lactic acid bacteria  were psychotropic, facultatively heteroferm entative 
lactobacilli. Most of these  are now assigned to the  species 
Lactobacillus sakei and  Lactobacillus curvatus and  stra ins of these 
have been incorporated into com m ercial starters. L. sakei and  L. 
curvatus predom inate in sausages ferm enting at tem pera tu res of 25 °C 
and  below (Lücke 2000).
Over the p ast decade recu rren t ou tb reaks of listeriosis, combined 
with the na tu ra l resistance  of the  causative agent Listeria 
monocytogenes to trad itional food preservation m ethods (such as its 
ability to grow a t refrigeration tem pera tu res and its tolerance of pH 
and  NaCl levels) significantly contributed  to its s ta tu s  as hazard  
(Vaginal et al. 1996; G rau and  Vanderlinde 1990; Parish and Higgins 
1989; McClure e t al. 1989). Many bacteriocins are active against L. 
monocytogenes (Bredholt et al. 1999; Vignolo et al. 1996) and  
therefore considered as potential n a tu ra l food preservatives (Daeschel 
1993; De Vuyst and  V andam m e 1994). More specifically. C lass II 
bacteriocins of lactic acid bacteria  have been proposed to control L. 
monocytogenes in ferm ented sausages (M uriana 1996). C lass II 
contains small (<10 kDa), heat-stab le , non-modified peptides (Nes and  
Holo 2000). They are divided into Class Ila (Ferchichi et al. 2001,
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Simon et al. 2002, Tichaczek et al. 1992), Class Ilb (Nissen-Meyer et 
al. 1992, M uriana and  K laenham m er 1991) and  Class Ile (van Belkum 
et al. 1992).
Although the m ajor antim icrobial activity of L. curvatus and  L. sakei 
is due to organic acids, diacetyl, hydrogen peroxide or other low 
m olecular weight com pounds, such  as reuterin  (Piard and  
D esm azeaud 1992; De Vuyst and  V andam m e 1994), the  inhibition 
could also be associated  with bacteriocins. The use  of 
bacteriocinogenic s ta rte r cu ltu res can suppress the  growth of 
undesirab le  bacteria, for instance  L. monocytogenes. So far, all 
sakacins and  curvaticins produced by L. sakei and  L. curvatus, 
respectively, possess strong anti-listerial activity. From the former 
species, the  following bacteriocins dem onstrate  such  activity: sakacin  
A (Hoick et a l .  1992), sakacin  M (Sobrino et a l .  1992), sakacin  P 
(Tichaczek et al. 1992), sakacin  Lb 706 (Hoick et a l .  1992), sakacin  K 
(Hugas et al. 1993), sakacin  674 (Hoick et a l .  1994), and  sakacin  T 
(Aymerich et al. 2000) . For L. curvatus, four bacteriocins with an ti­
listerial activity have been found, nam ely curvacin A (Tichaczek et al. 
1992), curvaticin 13 (Suridm an et al. 1993), curvaticin FS47 (Garver 
and  M uriana 1994) and  curvaticin  IFPL1045 (Casla et al. 1996). 
Curvaticin FS47 (Garver and  M uriana 1994) h as  been partially 
sequenced and  shown to be unique.
L, curvatus L442 w as isolated from ferm ented sausage (M atagaras 
2003) and  is therefore na tu ra lly  adapted  to the  m eat environm ent. The 
bacteriocin produced by L. curvatus L442 is active against various 
stra in s of L. curvatus, L. sakei, L. plantarum  and  L. farciminis, as well 
as various stra in s of L. monocytogenes (M ataragas 2003). The aim of 
the p resen t work was to describe the  struc tu re  and  the  biochemical 
properties of the  bacteriocin produced by L. curvatus L442, in 
consideration of its applicability as s ta rte r cu lture  in ferm ented 
sausages.
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4 .3 .2  Results
4.3.2.1 Kinetics o f grow th  and bacteriocin production
L. curvatus L442 grew well a t all tem pera tu res tested. In all cases, 
bacteriocin production sta rted  in the  early exponential growth phase 
(12 h  a t 30 and  16 h a t 25 °C and  20 °C), reached a  m axim um  in 
the late exponential phase  or early stationary  phase  (16 h  a t 30 
and  48 h  a t 25 and  20 °C), rem ained constan t and  then  declined, 
reflecting prim ary m etabolite kinetics. The optim um  tem perature  for 
cell growth, 30 (maximal bacteriocin activity 1,280 AU/ml), did not 
correspond with the  optim um  tem perature  for curvaticin L442 
production, 20 °C (maximal bacteriocin activity 2,560 AU/ml).
4 .3 .2 .2  Effects o f pH, tem perature, and en zym es on bacteriocin activity
Both crude and  purified bacteriocin retained  full activity even after 1 
week a t 30°C a t pH 4 and  5. At higher pH however (pH>6), 80% 
residual activity was determ ined after 4 h  a t 30 °C, while full 
inactivation was observed after 24 h  (Table 4.5).
C rude and purified bacteriocins were stable after 1 h  a t 40, 50 and  
60°C, while 20% loss of activity w as determ ined after incubation  a t 
higher tem pera tu res (70 to 100°C). U nder sterilization conditions pure 
bacteriocin retained only 20% of the  initial activity after 5 m in of heat 
trea tm en t, and  was completely inactivated after 15 min. Crude 
bacteriocin was significantly m ore therm otolerant as 60, 40 and 20% 
residual activity was observed after 15, 30 and 60 m in respectively a t 
121 °C and  1 atm  overpressure.
Storage of the crude bacteriocin a t tem pera tu res < 4 °C did not 
affect significantly the  activity even after 4 weeks (60% residual 
activity a t 4 °C and -2 0  °C). This was also the case with the purified 
bacteriocin (20% residual activity a t 4°C and  80% a t -2 0  °C). At 30 °C 
however, there was no residual activity after 4 and  3 weeks for the 
crude and the purified bacteriocin, respectively. The addition of Tween 
80 had  no influence on the activity.
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Proteolytic enzymes, such  as trypsin , a-chym otrypsin, protease, 
p ro teinase K and  pepsin, as well as a-am ylase, inactivated both the 
crude and  the purified bacteriocin even after 1 h  of incubation, while 
renin  resulted  in full inactivation only after 4 h  and  24 h  of incubation 
of the  pure and  the  crude bacteriocin respectively. The effect of lipase 
w as m uch less severe (80%, 80% and  60% of residual activity after 1 
h, 4 h  and  24 h  of incubation  of the  crude bacteriocin and  80%, 60% 
and  no residual activity after 1 h, 4 h  and  24 h  of incubation  of the 
pure  bacteriocin respectively). The s tan d ard  deviation for the  residual 
activity values of all experim ents ranged from 2 to 5%.
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Table 4 .5  Effect of temperature, pH and enzymes on the bacteriocin produced
Treatment % residual activity
Crude supernatant Purified bacteriocin
Temperature 
(at pH 6.5)
40°C 100*’ 100
50°C 100 100
60°C 100 100
70“C 80 80
80°C 80 80
90°C 80 80
lOOT 80 80
12 r c  a) 5 min 100 20
b) 15 min 60 -
c) 30 mill 40 -
d) 60 mill 20 -
Storage (week) 0 1 2 3 4 5 6 0 1 2 3 4
(at pH 6.5)
-20°C 100 100 80 60 60 20 20 100 100 80 80 80
4°C 100 100 80 80 60 40 40 100 80 60 40 20
30°C 100 80 20 20 - - - 100 60 20
pH (at30"C) 4h 24h Iw 4h 24h Iw
4 100 100 100 100 100 100
5 100 100 100 100 100 100
6 80 - - 80 - -
7 80 - - 80 - -
8 80 - - 80 - -
9 80 - - 80 - -
Enzymes® 111 4h 24h Hi 4h 24h
Rennin 60 40 - 60 - -
lipase 80 80 60 80 60 -
Symbols: -, no inhibition zone; a, At 40°C-100°C for Ih incubation; b, diameter o f  the inhibition zone; 
c, enzymes in fn a l  concentration 0.5 mg/ml; w, week
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4.3.2.3 Purification of the curvaticin L442
A com bination of am m onium  su lpha te  precipitation, cation exchange 
chrom atography, reverse phase  chrom atography and  gel filtration was 
u sed  to purify the bacteriocin to homogeneity. Bacteriocin required 
0.55 M of NaCl and  46% (v/v) of acetonitrile to be eluted from the 
cation-exchange (pH 5.5) and  the reverse-phase colum ns, respectively 
(Fig 4.6). On the gel filtration colum n the bacteriocin eluted as a  
sym m etrical peak. Purification w as followed by SDS-PAGE for both 
high- and  low-molecular weight proteins. The da ta  for recovery and 
degree of purification are compiled in Table 4.6 and  all the  purification 
steps are presented  in Figures 4.7 and  4.10.
Table 4.6 Purification o f curvaticin L442
Purification Vol. Activity Protein Total Specific Purifica
Step (ml) (AU/ml) Concentration activity activity -tion
(mg/ml) (AU) (AU/mg) Fold
Crude 995 640 1.8 636,800 355.6 1
(NH4)2SÜ4 175 640 9.6 112,000 66.7 0.2
Resourse 8, 138 80 0.004 11,040 20,000 56.2
pH5.5
{NH4)2S04 3 640 0.04 1,920 16,000 45.0
Resourse 4 640 0.05 2,560 12,800 36.0
RPC
Superdex 4 640 0.04 2,560 16,000 45.0
peptide
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20 mM phosphate  pH 5.5,  1.5 M NaCl  
Sample:  ASP of  Curvat icin crude,  170 mi
0 30
0 25
0 20I 0 15
0 05
0 10 20 30 40 50 60
Fraction number
* 2 8 0
d ( m  ni ) 
N a C l ( M )
10 O  3
H 2O + 0.1% v/v TFA , Acetonitr i le  + 0.1% v/v TFA  
Sample:  Act ive fract ions o f  Resource  S 98 ml,  AS P 40 ml
0 25
O  0 20 
<  0.15
0 05
0 00 0
0 10 20 30 40 50
Fraction number
* 2 8 0  
d ( m m )  
%A S
20 mM p h os p h a t e  pH 6.0,  0 .25  M N a C l  
S a mp l e :  R P C Fr a c t i o ns  l yo ph i l i se d ,  1 00 pi
20
0 02I
0 00
0 10 20 3 0 40 50 60
Fraction num ber
* 2 8 0  
d ( m  m  )
F igu re 4 .6  Elution and activity o f  the bacteriocin from  Lb. curvatus L442 on 
R esourse S and Resourse RPC column.
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Figure 4.7 Purification steps o f curvaticin L442.
1 It of MRS broth  inoculated with Lb. curvatus L442
Incubation  at 20  °C for 2 4 h
V
Centrifugation (10,000 g, l h /4  °C)
The pH o f the su p ern atan t w a s ad justed  
at 6 .5  w ith  5N NAOH
V
The su p e rn a tan t w as sa tu ra ted  up  to 50% with am m onium  su lphate
O vernight stirring at 4 °C
V
The bacteriocin was pelleted by centrifugation and dissolved in 20 Mm 
phosphate  buffer, pH 5,5 to a  final volume 170 ml
V F ra c t io n s  I 10 -2 7
Resource Q, 20  mM phosphate, pH =5,5, 1,5 M NaCl 
Flow rate:2 m l/m in  
Gradient : 2 m l/m in , 60  min
VNRi= 195 m l
V
Resource Q, 20  mM phosphate, pH =5,5, 1,5 M NaCl
Sample: VNRi 
Flow rate:2 m l/m in
VNR2 = 210 ml
V
F ra c t io n s  II 
10 -2 7
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Resource Q, 20  mM phosphate, pH =5,5, 1,5 M NaCl
Sample: VNR2 
Flow rate: 2 m l/m in
Fractions III
10-27
VNR3= 225 ml
V
The bacteriocin containing fractions I, II, III were combined to a  total
volume 98 ml
V
Saturation  with am m onium  su lphate  (50% sa tu ration  degree)
V
Dilution of the sedim ent in 40 ml TFA 0,1% + ddH20
V
RPC (Reverse phase) 
Flow rate 2 m l/m in
F ra c tio n s  
(20 , 21 , 22 )
V
The bacteriocin containing fractions lyophilized in -20 °C and 
diluted in 300 p it 20 mM phosphate, pH =6, 0,25 M NaCI
V
Superdex Peptide HR 1 0 /3 0  
Flow rate: 0 ,5 m l/m in
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Superdex I 100 p it inoculum Superdex II
V
Fractions 26-31
V
Fractions 26-31
The bacteriocin containing fractions I, II, III were com bined to a  total 
voIume=4,6 ml
V
lOx dilution with TFA 0,1% + ddH20
V
RPC (Reverse phase) 
Flow rate 2 m l/m in
V
F ractions 21 , 22  
1) N-term inal am ino acid sequencing  
2) MS analysis
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4.3.2.4 Molecular weight determination
In the d iscontinuous Tricine-SDS-PAGE analysis the purified 
bacteriocin gave only one band, which corresponded to a m olecular 
m ass of approxim ately 4,500 Da (Fig 4.8). In the post-electrophoretic 
detection analysis, th is band  w as active against the indicator stra in  L. 
curvatus E33 (Figures 4.8, 4.9). By using  gel filtration chrom atography 
on a  Superdex peptide HR 10 /30  colum n th a t was previously 
standardized  with cytochrom e c (m olecular m ass, 12,500 Da), 
aprotin in  (6,500 Da), and  substance  P (1,348 Da), a  m olecular m ass of 
3,287 Da was calculated.
B
Da
16,950
14,440
10,600
8,160
6,210
3,480
2,510
a b
j
Figure 4 .8  (A) Tricine SDS-PAGE. Lanes: a, marker proteins (Myoglobin fragments); b, 
active fraction from the Superdex Peptide HR 10/30  column. (B) Post-electrophoretic 
detection of the antimicrobial activity with L. curvatus E33 as indicator strain
Figure 4 .9  Post -  electrophoretic detection of bacteriocin activity Post-electrophoretic 
detection of the antimicrobial activity with L. curvatus E33 as indicator strain
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d f  9
Figure 4 .1 0  Purification s teps, Lanes: c, the fractions from  the R esourse S; d, 
(NH4)2S04 precipitation; e, the fractions from  the R esourse RPC. f  active  
fraction from  the Superdex Peptide HR 1 0 /3 0  column g,the fractions 21 ,22  
from  the R esourse RPC.
4.3.2.5 N-terminal amino acid sequencing and MS analysis
Edm an degradation revealed an  am ino acid sequence stre tch  of 30 
residues (Fig 4.11). S ubsequent protein homology searches showed 
th a t 24 sequenced residues are identical to the corresponding amino 
acids of sakacin  P (Fig 4.11), a bacteriocin which was isolated from 
Lactobacillus sakei LTH673 (Tichaczek et al. 1992). MS analysis 
revealed a  peptide m ass of 4,461 Da, which is slightly different from 
the theoretical m ass of sakacin  P (4,437 Da) indicating th a t the newly 
found curvaticin is not identical to sakacin  P.
(a) sakacin (b curvaticin
10  20  30
I I I
KYYGNGVHCGKHSCTVDWQTAIGNIGNNAA 
AYPGNGVHXGKYSXTVDKQTAIGNIGNNAA 
* * * * * * * * * * * * * * * * * * * * *
Figure 4 .11  Amino acid sequence com parison o f (a) sakacin  P from  L. sakei 
LTH673 and (b) curvaticin L442  from  L. curvatus L442
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4.3.3 Discussion
In Europe, L. curvatus and  L. sakei are  extensively u sed  as s ta rte r 
cu ltu res in traditional ferm ented sausages (Hammes et al. 1990). They 
contribute to the organoleptic properties of the  final product as well as 
to its m icrobial safety (Stiles and  Holzapfel 1997). Kinetic modelling of 
growth and  bacteriocin production by L. curvatus LTH 1174 (Messens 
et al. 2003), a  stra in  producing the  bacteriocin curvacin A, showed 
th a t th is s tra in  is an  ideal novel s ta rte r for European ferm ented 
sausages. The m axim um  specific bacteriocin production of L. curvatus 
LTH 1174 was found a t 20-27°C, while significant bacteriocin 
production was found in the  whole pH range (4.8-7.0) studied. 
Sakacin K, a  bacteriocin produced by L. sakei CTC494 was also 
optim al a t ferm entation tem pera tu res of 20 and  25 °C (Leroy and De 
Vuyst 1999). In the p resen t study, curvaticin 's L442 m axim um  
bacteriocin production w as achieved a t 20 °C. Due to the  fact th a t for 
dry ferm ented sausages ferm entation tem pera tu res are usually  
between 15 and  25 °C, and  un-dried  and  sem idry sausages are 
usually  ferm ented a t 22-26 °C (Lücke 1985), the m axim um  bacteriocin 
capacity for the bacteriocin producing stra in  L. curvatus L442 m atches 
with the  ferm entation tem pera tu res of E uropean sausages. Therefore, 
th is stra in  has potential a s  a  s ta rte r cu ltu re  in m eat products.
M ass spectrom etric analysis showed th a t the m olecular m ass of 
purified sakacin  P w as approxim ately 3-5 kDa and  amino acid 
sequence analysis identified 41 residues of sakacin  P (Tichaczek et al. 
1992). We found here th a t 24 sequenced residues of curvaticin L442 
are identical to the  corresponding amino acids of sakacin  P. Residue 1 
in am ino acid sequence of curvaticin L442, which we assigned as 
alanine m ay be a  lysine a s  in sakacin  P, due to the fact th a t the 
background was found to be high in the first cycle in Edm an 
Degradation. Residue 3 w as clearly detected as proline, while sakacin 
P h as  a  tyrosine. For residue 9, we assigned a  lysine b u t the yield was 
very low and  therefore we p u t an  X a t th is position. We could not 
assign residue 14. Sakacin P and  related peptides have cysteines a t
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these positions. Since the  peptide w as no t derivatized, cysteines could 
not be detected and  therefore it is feasible th a t there are cysteines a t 
these positions of curvaticin  L442 as well. Finally, position 18 was 
found to be lysine, instead  of tryp tophan  in sakacin. However, 
tryp tophan  is difficult to detect and  so th is position could be 
considered an  am biquity.
Despite the  extensive am ino acid sequence homology between 
curvaticin L442 of the  p resen t study  and  sakacin  P (Tichaczek et al. 
1992), their different origin gives them  scientific and practical in terest. 
Sakacin P is produced by L. sakei LTH673, w hereas curvaticin  L442 is 
produced by L. curvatus L442. Both L. sakei LTH673 (Tichaczek et al. 
1992) and  L. curvatus L442 were isolated from ferm ented sausages. 
Similarly, curvacin A produced by L. curvatus LTH 1174 is identical to 
sakacin  K produced by L. sakei CTC 494 and  to sakacin  A from L. 
sakei Lb706 (Aymerich et al. 2000; Hoick et al 1994; Leroy and  De 
Vuyst 2000; Schilliger et al. 1991). Moreover, curvacin A shares 
extensive sequence homology with sakacin  P, m esentericin  Y105, 
pediocin PA-1 and  leucocin A. These bacteriocins all contain  a  -Tyr- 
Gly-Asn-Gly-Val-X-Cys- sequence in the N-terminal region (Garver 
and M uriana 1994; Tichaczek et al. 1992; Lozano et al. 1992). The 
related sequence -Pro-Gly-Asn-Gly-Val-His-X- was obtained for 
curvaticin L442 in the  p resen t study. This region is p resen t in 
Listeria-active, non-Ian tibiotic peptides (Klaenham m er 1993). 
Curvaticin FS47 lacks the above m entioned sequence and  yet still 
inhibits the growth of L. monocytogenes (Garver and M uriana 1994).
So far, only th ree  bacteriocins from L. curvatus have been extensively 
purified and  characterized: Curvaticin 13, is a  listericidal bacteriocin 
produced by L. curvatus SB 13 isolated from Belgian sausage 
(Suridm an et al. 1993); Curvacin A from L. curvatus LTH 1174 isolated 
from ferm ented sausage (M essens et al. 2003); and  curvaticin  FS47 
from Lactobacillus curvatus FS47 isolated from ground beef (Garver 
and  M uriana 1994).
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The resu lts  obtained from the purification procedure and  the am ino 
acid analysis suggests th a t the  L. curvatus L442 bacteriocin is a  
cationic and  highly hydrophobic peptide. These are common 
characteristics for m any bacteriocins produced by lactic acid bacteria, 
particularly  lantibiotics and  class II bacteriocins (E nnahar et al. 
2000). Initially, SDS-PAGE of the purified bacteriocin revealed a  
m olecular m ass of abou t 4.5 kDa, w hereas gel filtration estim ated a 
m olecular m ass of abou t 3.3 kDa. The lower m olecular m ass 
estim ated by gel filtration w as a ttribu ted  to an  erratic 
chrom atographic m igration of the  molecule. Similar m olecular m asses 
have been reported for various C lass Ila  bacteriocins isolated from L. 
curvatus and  L. sakei including sakacin  A (4309 Da; Hoick et al. 
1992), sakacin  P (4435 Da; G uyonnet et al. 2000), sakacin  M (4640 
Da; Sobrino et al. 1992) and  curvacin A (3-5 kDa; Tichaczek et al.
1992).
Curvaticin L442 re ta ins activity a t a  broad range of pH (4.0-9.0). It is 
also relatively hea t stable, since 20% of the  activity is reta ined  even 
after trea tm en t of the  purified m olecule for 5 m in a t 121 °C. The fact 
th a t the  m olecule is hea t stable corresponds well with its n a tu re  (i.e. 
as a C lass lia bacteriocin). In addition, the stability of curvaticin  L442 
a t low pH is very im portan t for its potential application in foods, such  
as ferm ented m eat products, in which acidic conditions prevail. Most 
European ferm ented sausages have final pH values ranging from 4.8 
to 5.0 (Lücke 1985). Indeed, o ther C lass Ila bacteriocins isolated from 
L. curvatus or L. sakei have sim ilar features. Curvacin A is stable a t 
pH range 4.8-7.0 and res is tan t a t 100 °C for 3 m in (Messens et al. 
2003) and  sakacin  P is res is tan t a t 100 °C for 20 min.
In conclusion, L. curvatus L442, produces a bacteriocin, curvaticin 
L442, which is active against L. monocytogenes. The ability of th is 
molecule to reta in  activity u n d e r tem perature  and  pH conditions 
prevailing in m eat ferm entations m akes it a  good candidate  as a 
biopreservative in such  ferm entations, while the producer stra in  itself 
m ay be useful as  a  protective s ta rte r culture.
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Chapter 5
5. Practical trials with bacteriocin starters and semi-purified 
bacteriocin and Development of Standard Operation 
Procedures (SOPs)
5.1  Practical trials w ith  bacteriocin  starters and sem i-purified  
bacteriocin
5.1.1 Introduction
The microbial stability of dry ferm ented sausages is determ ined by the 
com bination of different factors referred to as the hurd le-concept 
(Leistner, 1995). Ferm ented sausages are defined as ground m eat 
mixed well with salt and  curing agents, stuffed into casing and  
subjected to a  ferm entation process in which m icroorganism s play a  
crucial role.
The growth of pathogenic m icroorganism s is suppressed  th roughou t 
the ferm entation. This is due to the inhibitory environm ent created by 
the  com bination of nitrite, low oxygen level, pH and w ater activity 
(Leistner, 1995). For th is purpose, the growth of Bacillus and  
Clostridium  spores, which are derived from spices, are controlled by 
low pH and w ater activity (Tyopponen, Petaja, & M attila-Sandohlm , 
2003). However, the  hu rd les p resen t in dry sausages are no t sufficient 
to prevent the survival of Listeria monocytogenes (Farher and  Peterkin, 
1991; Varabioff, 1992/ and  Escherichia coli 0157: H7 (Reed, 1995) in 
case of inefficient ferm entation process. E. coli 0157:H 7 is highly 
adapted  to acidic conditions and  due to its very low infectious level it 
poses a  serious risk  for the  consum ers (Doyle, 1991; Bolton, Crozier, 
& W illiamson, 1996). L. monocytogenes is ub iqu itous in the 
environm ent and  is often found in food-processing environm ents, 
especially those dealing with raw  anim al products, on the  h an d s of
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food workers and  as potentially dangerous biofilms on food processing 
equipm ent (Genigeorgis, G anca, & D utulescu, 1990; Kerr, 
B irkenhead, Seale, Major, & Hawkey, 1993; Mafu, Roy, Goulet, & 
Magny, 1990; Zottola, 1994, Zottola & S asahara , 1994).
Novel strategies such  as  ‘b iopreservation’ have gained increasing 
atten tion  as a  m eans of ‘na tu ra lly ’ controlling the  growth of 
pathogenic and  spoilage organism s. Some lactic acid bacteria, am ong 
those commonly associated  with ferm ented m eat products, 
dem onstrate  antagonism  tow ards pathogenic organism s. Their 
antagonism  refers to inhibition th rough  competition for n u trien ts  
a n d /o r  production of one or m ore antim icrobially active m etabolites 
such  as organic acids (lactic and  acetic), hydrogen peroxide, 
antim icrobial enzymes, reu terin  and  bacteriocins (Holzapfel, Geisen, & 
Schillinger, 1995). A great num ber of bacteriocifis produced by 
Lactobacillus, Lactococcus and  Pediococcus, and  to a  certain  extent by 
Streptococcus, Enterococcus, and  Leuconostoc spp. have been 
described (De Vuyst 8b Vandam m e, 1994). Several bacteriocinogenic 
stra in s of Lactobacillus (Hugas, Garriga, Aymerich, 8s Montfort, 1995), 
Lactococcus (Coffey, Ryan, Ross, Hill, Arendt, 8 b Schwarz, 1998) and 
Pediococcus (Bhunia, Jo h n so n , 8 b Ray, 1988; H arris et al., 1989) have 
been used  as s ta rte r cu ltu res in m eat ferm entations.
A novel solution to decrease the risk  for listeriosis is the 
modification of the  extrinsic param eters of the product ecosystem , like 
tem perature  and  gaseous a tm osphere combined with the  existing 
hurdles. Generally, storage of m eat in modified atm osphere packaging 
(MAP) significantly extends its shelf life by reducing m icrobial growth 
and  w ater losses and  by retard ing  enzym atic spoilage and  
autoxidation. MAP h as  becom e more common and applied to different 
m eat p roducts (Pexara, M etaxopoulos, 8 b Drosinos, 2002). MAP a t 
refrigeration tem pera tu res h a s  been widely shown to delay the  growth 
of spoilage aerobic bacteria  and  considerably prolong the shelf life of 
red m eats (Jerem iah, 2001). CO2 /N 2 atm ospheres are particularly  
suitable for the preservation of cooked and  cured m eat products.
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m ainly because of the  strong inhibition o f growth of the  m ajority of 
m icroorganism s (Borch, K ant-M uerm ans, & Blixt, 1996). The effect of 
MAP on dry ferm ented sausages h a s  essentially been studied 
(Fernandez-Fernandez, Vâzquez-Odériz, & Romero-Rodriquez, 2002; 
Yen, Brown, Dick, & Acton, 1988).
The aim of the p resen t study  w as the use  of the bacteriocin 
producing stra in  Lactobacillus sakei 1154 and the sem i-purified 
bacteriocin from Leuconostoc m esenteroides E131, in the ferm ented 
sausage m anufacturing  process, in order to evaluate w hether the 
p roduct m ain tains their technological and  traditional quality 
characteristics. Moreover, the  effectiveness of MAP (80% N2-20% CO2) 
on dry ferm ented sausages w as evaluated.
5.1.2 R esults and discussion
5.1.2.1 Microbiological and chemical analysis
Lactic acid bacteria  commonly inoculated into sausage m aterial are 
facultatively heteroferm entative species: Lb. curvatus, Lb. sakei. Lb. 
casei, Lb. pentosus. Lb. plantarum , Pediococcus acililactici and  
Pediococcus pentosaceus  (Tyopponen et al., 2003). The application of 
lactic acid bacteria  (LAB) in m eat ferm entation is of pa ram oun t 
im portance for the success of the  ferm entation process.
In our study, Lb. sakei 1154 and  generally the lactic acid bacteria  
were shown to act as the  m ain organism s in the ferm entation process 
of dry sausage and  to produce dry sausages of high quality. Lactic 
acid bacteria  constitu ted  the  m ajor microflora of the sausages, since 
the  cell num bers of the total viable count and  MRS count were sim ilar 
after the 3rd day of the ferm entation. In all cases, the  population of 
lactic acid bacteria  to increased in the first th ree days of the 
ferm entations and  stayed constan t during ripening. The initial 
population of the control was higher th an  the sam ples inoculated with
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L. sakei 1154 (6.76 against 5.63 log cfu g'^) (Figures 5.1, 5.2, 5.3). 
Because of the well adap tation  of L. sakei 1154 to m eat environm ent 
and  its faster growth ra te  becam e the dom inant microflora. The added 
cu ltu re  of Lb. sakei, in  vacuum -packaged m eats (Bredholt, 
N esbakken, & Hoick, 2001), seem ed to be able to com pete with the 
indigenous LAB flora. Furtherm ore, the  added culture, re ta in  its 
inhibitory effect on Listeria monocytogenes and  had  negligible effect on 
the  sensory properties of the  products.
The high initial coun ts of pseudom onas probably were due to the 
raw  m aterial used . Pseudom onads and  E nterobacteria were 
progressively decreased regardless of their initial population in all 
sam ples. The population of pseudom onads was elim inated after 7 
days in all cases. E nterobacteria  were elim inated regardless of their 
initial population. Enterococci increased about 0 .5-1.5 log cfu g i the 
first th ree days of the ferm entation and  then  rem ained constan t as 
well as in the control. Micrococci decreased during the ferm entation 
and  ripening process. This observation reflects their poor 
com petitiveness in the  presence of actively growing aciduric bacteria  
and  the decline of micrococci w as due to the acidification of the 
products. Yeasts decreased during  ferm entation and ripening to a  
level of 0.5 log cfu g h Finally, pathogenic staphylococci were not 
detected after the stuffing and  during the whole process of 
ferm entation and  ripening of sausages. Salmonella spp. w as detected 
in all sam ples the  first day and  decreased un til the end of sausage 
ripening. The greatest concern associated  with sausage safety was the  
initial presence of Listeria  spp. in all sam ples exam ined b u t w as never 
detected in the final products. The initial presence of Listeria spp. was 
probably due to the raw  m ateria ls used . This indicates the im portance 
of selecting raw  m aterials of good microbiological quality for dry 
sausage m anufacture. It seem s th a t the  bioprotective cu ltu re  and  the 
sem i-purified bacteriocin of Lc. mesenteroides E131 prevent the 
survival of Listeria spp as it w asn ’t detected after the fourth  day and 
in the  final products. In the  lite ra tu re  there are extensive stud ies on
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the u se  of Lb. sakei (Bac+) and  sakacin  in ferm ented m eat products. 
In ferm ented sausages Lb. sakei CTC494, Lb. curvatus LTH117, Lb. 
sakei Lb706 were subsequently  able to reduce the num ber of Listeria 
by 1.8, 2 and  0.5 log w hen com pared to a s tandard  s ta rte r cu lture 
(Hugas, Neumeyer, Pages, Garriga, & Ham mes, 1997a). Lb. sakei LTH 
and  Lb. bavaricus producing the  sam e bacteriocin (sakacin P and 
bavaricin A) were not effective as sta rte r cu ltu res since the 
endogenous flora w as able to grow in the sausage and  coexist with the 
s ta rte r cultures. These s tra in s  were able to reduce the num ber by 
listeria by 0.5 and  1 log w hen com pared to the non-bacteriocinogenic 
s tandard  s ta rte r stra in  (Hugas et al., 1997a). Lb. sakei LB674 
producing also sakacin  P h as  been assayed in vacuum -packed sliced 
bologna-type sausages (Krockel, 1997). Inoculation of the 
bacteriocinogenic stra in  a t low offered no advantage in preventing 
Listeria growth and  the direct application of bioprotective cu ltu res a t 
high levels should be efficient. The bacteriocin alone added to the 
sausage could not prevent L. monocytogenes from reaching high 
num bers although sufficient active bacteriocin could be extracted fro 
the  sausage even after 28 days.
We should bear in m ind th a t in order to utilise the  antim icrobial 
m etabolites of LAB a  few challenges have to be overcome in future. 
The effect m ay be seen only in a  narrow  pH range, which excludes 
their utilization in m any food p roducts (Yang and  Ray 1994; C utter 
and  Siragusa, 1995a; Ganzle, Weber, & Ham mes, 1999b). In addition, 
bacteriocins may bind to the  food fat, protein or the food additives or 
other inhibitors m ay inactivate them  (Leroy and  De Vuyst, 1999). In 
case of dry sausages the  concentrations produced by LAB in situ  m ay 
be affected by the low carbohydrate  content and  low ripening 
conditions (Hugas et al., 1995). Different weight losses and  salts 
conten ts m ay also have an  effect on antim icrobial activity. However, 
m any bioprotective cu ltu res produce several antim icrobial 
com pounds, which act in cooperation (Niku-Paavola, Laitila, Mattila- 
Sandholm  & Haikara, 1999).
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D ifferences in pH values betw een the  batches were small. The initial I
pH value was 6.2, 5.8 and  6.0 for the ferm entation 1, 2 and  3 i
respectively. The sausages h ad  high initial pH values and  th is is j
related to the use  of frozen pork, which generally had  higher pH th an  
fresh pork and  beef m eats (Metaxopoulos, Samelis, & Papadelli, 2001).
During the first seven days of ferm entation due to the  evolution of 
lactic acid bacteria  the  pH decreased a t value of 4.95 except of ba tch  1 
in which the pH was slightly lower (4.75) and  stayed a t th is  level un til 
the  end of process (data not shown). The sam e trend  w as observed in 
the control, b u t generally the  pH values were higher. The decrease in 
the pH values and  the proliferation of lactic acid bacteria  inhibited the 
growth of the other m icroorganism s, as shown by the  decline of the  
populations.
No significant change in aw w as observed during the first 14 days.
Aw decreased from its initial value of 0 .96-0.97 to 0.81-0.84 a t the 
final product. The final aw value in ferm entation 1 w as lower th an  aw 
values of ferm entation 2 and  3. Due to sausages dehydration salt 
concentration was increased from 2.5 % to 3.8- 4 % and  m oisture 
content was decreased from 45-50%  to 25-30%, reflecting the effect of 
the  rate  and  extent of pH drop on the w ater loss from the sam ples.
During the ferm entation and  ripening of sausages nitrite  decreased in 
all sam ples. Ammonia concentration  (0.075-0.085 g/lOOg to 0.0255- 
0.035 g/lOOg) and acetic acid (about 0 .15-0.20 g/lOOg increase, 
except of batch  3) were not changed significantly, w hereas lactic acid 
increased during the ferm entation and  ripening process. Proteolysis 
w as reduced while % oleic acid increased (data not shown). The 
resu lts  are in accordance with (Metaxopoulos et al., 2001).
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Figure 5.3 Microbial changes during Fermentation III o f the a) Control b) Lb. 
sakei 1154 cj Bacteriocin E l 31 and d) Lb. sakei 1154and bacteriocin E l 31 
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5.1.2.2 Sensorial analysis
Generally, no essential differences in the organoleptic param eters 
am ong the sam ples in all ferm entations and task s were observed (Fig 
5.4). All the sam ples showed acceptable flavor and taste  w ithout off- 
odors. In particu lar, ferm entations 1 and 3 showed no differences in 
the organoleptic characteristics between the control and  the 
inoculated sam ples (Lb. sakei 1154, bacteriocin E131 and Lb. sakei 
1154+bacteriocin E131) w hereas the control of ferm entation 2 showed 
better ran k s in the organoleptic characteristics th an  the inoculated 
sam ples (Lb. sakei 1154, bacteriocin E131 and Lb. sakei 
1154+bacteriocin E131).
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Figure 5.4 Sensorial evaluations of final products (sausages), in a) 
Fermentation I, b) Fermentation II, a) Fermentation III
5.1.2.3 Lb. sakei 1154 domination in fermented sausages
From the 150 isolated stra in s (75 s tra in s  isolated from the sam ples 
inoculated with Lb. sakei 1154 and  75 stra ins from the sam ples 
inoculated with Lb. sakei 1154 and  bacteriocin E131), 15 stra in s from 
the first case and 12 s tra in s  from the second, were negative to 
bacteriocin production. Due to the num ber of negative to bacteriocin 
production isolated s tra in s  from the total num ber of isolated stra ins, 
in each case, is below the reference curve then  a  positive im plantation, 
was accom plished (Fig 5.5).
5.1.2.4 Microbiological analysis o f the sliced and MA-packaged products
The microbiological analysis of the sliced and MA-packaged products 
during their storage showed th a t the population of the total viable and 
lactic acid bacteria  decreased. The biggest reduction was observed in
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the  sam ples with Lactobacillus sakei 1154 and  Lactobacillus sakei 1154 
together with the  bacteriocin produced by Leuconostoc m esenteroides 
E131 and  especially in ferm entation 1 the  population of the  total 
viable reached 4.97 log cfu g  ^ (Fig 5.6). Naturally, LAB dom inates the 
microflora of cooked m eat products chill stored u n d er vacuum  or in 
modified gas atm osphere with elevated CO2 concentration (Holzapfel et 
al., 1995; Stiles et al., 1996). The pH value rem ained co n stan t during 
storage of sam ples (data not shown). Pathogenic staphylococci. 
Salmonella  spp., E.coli and  E.coli 0157:H 7 were not detected during 
the  preservation of sausages. The presence of Listeria spp. was not 
detected except of ferm entation 3, where in some tria ls Listeria 
monocytogenes w as detected. In the  first trial, control sausages were 
Listeria monocytogenes positive un til the  eighth week of storage un d er 
modified atm ospheres. However, in the  second and  th ird  trials the 
inoculated sam ples were Listeria monocytogenes positive un til the  fifth 
and  fourth  weeks, respectively, w hereas in the trial which Lb. sakei 
1154 and  bacteriocin E l 31 were inoculated the sam ples were Listeria 
monocytogenes positive un til the  second week (Table 5.1). Growth of 
Listeria monocytogenes in packaged m eat un d er modified conditions 
h a s  been the  focus of num erous a lthough in some cases controversial, 
studies. This bacterium  is not greatly inhibited by vacuum  packing or 
packaging in CO2 enriched atm ospheres and  can predom inate in 
refrigerated m eat p roducts packaged in th is way (Zhao, Wells, & 
M arshall, 1992). In contrast, o ther au tho rs have show n th a t 
packaging in these a tm ospheres inhib its listeria growth (Gill and  
Reichel, 1989; H udson, Mott, & Penney, 1994). Listeria growth h as 
been dem onstra ted  in lam b a t 5 °C in an  atm osphere of CO2 /  N2 
(50:50) (Nychas, 1994) in frankfurter type sausages packaged in 
a tm ospheres of d istinct proportions CO2 /  N2 (40:60) a t 4, 7 and  10 °C 
(Garcia de Fernando, Nychas, Peck, & Ordonez, 1995) and  in pork 
packaged in CO2 /  N2 (40:60) a t 4 °C (Manu-Tawiah, Myers, Olson, & 
Mollins, 1993).
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5.1.3 Conclusions
It h a s  been show n th a t bacteriocin producing stra in  Lb. sakei 1154 
and  the  bacteriocin produced by Leuconostoc m esenteroides E l 31 can 
be applied successfully in the  m anufactu re  of ferm ented sausages 
where they contribute significantly to the reduction of Listeria counts. 
The broad inhibitory spectrum  of the Lc. m esenteroides E131 
bacteriocin and  its ability to re ta in  activity under tem pera tu re  and  pH 
conditions prevailing in E uropean  sausage ferm entation, i.e. 20-25 
and  pH 5.8-4.9 (unpublished data), m akes it a  suitable 
biopreservative w ith the  potential to increase the security and  extend 
the storage life of ferm ented sausages.
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5 .2  D evelopm ent o f  th e  Standard Operation Procedure (SOPs)
5,2.1 Introduction
Salam i aeros is an  im portan t p roduct of the  Greek m eat industry  with 
an  an n u l production of abou t 10,000 tons. In Greece where m eat 
ferm entation h as a  long tradition, m ore th an  70 % of the  dry sausage 
produced annually  comes from large-scale m anufactures, who are 
able to com pete for the  m arketing of th is  expensive, tim e-consum ing 
and  difficult -to - produce food.
Ingredients of salam i aeros are pork, lard, n itrite curing salt, sugars 
m ixture, antioxidant, m inced dried black pepper, m ace, coriander and 
garlic (Appendix a  and  b).
In m odern Greek p lan ts, trad itional processes have been altered to 
adopt GMP guidelines and  industria l reguirem ents for shortened 
processing tim es and  lowered product costs. Contrary to the old 
technology (Samelis and  M etaxopoulos, 1998), salam i aeros is now 
m ade from frozen m eat to en su re  a  better ‘c lear-cu t’ surface, 
com m inution is done in the  cu tter, n itrite  is added, synthetic casings 
instead  of n a tu ra l ones are u sed  and  ferm entation is accelerated in 
air-conditioned sm oking room s (Appendix f).
Commercial s ta rte r cu ltu res are regularly used. Greek processors, 
however, are not satisfied with these  starter-m ediated ferm entations 
as high acid salam is with poor arom a and  taste  are produced. This is 
a ttribu ted  to the lack of suitable s tra in s  which produce m oderate 
acidulation of the  m eat and  a t the  sam e time allow the developm ent of 
the more rounded  arom a characteristic  of traditional Greek salam i. 
The bacteriocin producing cu ltu re  Lb. sakei 1154 (Appendix c) and  the 
semi purified bacteriocin of Lc. mesenteroides E131 (Appendix d), are 
recom m ended for their u se  in the  salam i aeros production.
In fact, comm ercial s ta rte rs  and  their optim al conditions for u se  are 
recom m ended on the basis of ferm entation trials conducted elsewhere, 
prim arily in N orthern Europe, u n d er different environm ental (meat
quality, clim ate, n a tu ra l flora, etc.) conditions. Furtherm ore, the  u se  
of sim ilar or even identical s ta rte rs  pu rchased  from the sam e supplier 
and  u sed  u n d er the sam e instructions leads to a  ‘flat’ product. This is 
against the  desire of b rand  nam e com panies to produce easily 
recognisable salam is of high quality. For these reasons m any m eat 
processors still choose ripening conditions based on sensory 
im pressions and  prefer to rely on their ‘factory’ flora to produce salam i 
with m ilder tas te  and  richer arom a. This, however, m ay pose risks to 
consum ers given the elevated ferm entation tem pera tu res and  other 
deviations from trad itional practices.
The final product (Appendix g), possess excellent organoleptic 
characteristics (medium acid production with final pH value around  
5.0, mild tas te  and  good light aroma) and are consum ed as they are. 
In households salam i is sliced before consum ption and  served with 
cheese and season salads. D uring field works salam i aeros is one of 
the  m ajor p a rts  of m eal since there  is no special p reparations for 
consum ption, while it provides energy, h as  high n u trien t value and  
m akes one satiate. Finally, the  early signs of unacceptable product are 
showed in Appendix h.
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5.2.2 Appendix
A p p e n d ix  a) Basic raw materials characteristics
Raw Material Pork meat
Type and specific 
characteristics
Shoulder blades from young female pings without bones, skin, blood 
and connective issue. Most of the fat tissue has been removed
Microbiological
characteristics
TVC < 5x10  ^cfu/g
Salmonella spp. Absence in 25g
Listeria monocytogenes Absence in 25g
Coagulase positive staphylococci <5x10^ cfu/g
Enterobacteriaceae <5x10^ cfu/g
E. coli < 10^  cfu/g
Sulfite reducing clostridia < 10^  cfu/g
Physicochemical
characteristics
pH 1 5.8-6.0
Fat tissue | 10-15%
Organoleptic
characteristics
Color i Light red
Odor I Mild meaty 
Texture i Elastic
Appearance | Opened structure of muscle fibers
Storage 
Conditions 
-chilled meat-
Time : | max 2-3 days
Temperature : 0-4 °C
Humidity : 92-94%
Storage 
Conditions 
-partially frozen 
meat-
Time : max 3 months
Temperature : -IS^ ’C
Humidity : | 92-94%
Use instructions
- Before chopping, storage in refrigerator for two days for temperature 
reduction from -18 ‘’C to -5 °C
- Muscles should be cut to flakes 5><5 cm with 0.5 cm thickness
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Raw Material Lard
Type and specific 
characteristics Subcutaneous fat tissue from back without skin and blood
TVC < 5x10  ^cfu/g
Salmonella spp. Absence in 25g
Microbiological
characteristics
Listeria monocytogenes Absence in 25g
Coagulase positive staphylococci <5x10^ cfu/g
Enterobacteriaceae <5x10^ cfu/g
E. coli < 10^  cfu/g
Sulfite reducing clostridia <5x10^ cfu/g
Physicochemical
characteristics pH 6.5-7.0
Color White
Organoleptic Odor 1 Pleasant
characteristics Texture Firm
Appearance 1 Flakes
Storage
Conditions
Time : max 2 months
Temperature : -15°C
Humidity : 92-94%
Use instructions Lard should be cut to flakes 5x5 cm with 0.5 cm thickness
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A p p e n d ix  b) Secondary raw materials characteristics
Raw Material N itrite curing salt I
Type and specific 
characteristics
Minced and purified common salt mixed with NaNO] at ratio 
99.4:0.6%
TVC < 10^  cfu/g
Microbiological Salmonella spp Absence in 25g
characteristics Coagulase positive staphylococci <50 cfu/g
E. coli < 1 cfu/g
1 Physicochemical 
characteristics pH -
Taste Saline
Color Whitish
Organoleptic
characteristics
Odor Neutral
Texture Granular
Appearance Homogenous mixture of common salt and nitrites
Time : max 6 months
Storage
Conditions Temperature : 18-20T
Humidity : 30-40%
Use instructions Nitrite curing salt mixture without clumps should be spread equally to ground meat and fat tissue during cutting
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Raw Material Sugars mixture
Type and specific 
characteristics
Dry corn-syrup solids (10-20% glucose, 40-50% maltose and 35-45% 
dextrin)
TVC 1< 1 o'* cfu/g
Microbiological Salmonella spp Absence in 25g
characteristics Coagulase positive staphylococci < 50 cfu/g
E. coli < 1 cfu/g
Physicochemical
characteristics pH -
Taste Weak sweetish
Organoleptic
characteristics
Color
Odor
Texture
i Yellowish 
I Neutral 
1 Powder
Appearance Homogenous powder without clumps
Storage
Conditions
Time : max 6 months
Temperature : 18-20T
Humidity : 30-40%
Use instructions Sugars mixture without clumps should be spread equally to ground meat and fat tissue during cutting
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Raw Material Spices
Type and specific 
characteristics Minced dried black pepper, mace, coriander and garlic
TVC < 5%10^  cfu/g
Microbiological
characteristics
Salmonella spp Absence in 25g
Coagulase positive staphylococci < 10^  cfu/g
E. coli < 1 cfu/g
Sulfite reducing clostridia < 30 cfu/g
Physicochemical
characteristics pH 6 ± 0.5
Taste Peppered Garlic -  specific
Color Dark brown Garlic -  yellowish
Organoleptic
characteristics Odor
Pleasant 
Garlic -  specific
Texture Powder Garlic -  flakes
Appearance Granular Garlic -  flakes
Time : max 12 months
Storage
Conditions Temperature : 18-20T
Humidity : 30-40%
Use instructions Spices mixture without clumps should be spread equally to ground meat and fat tissue during cutting
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Raw Material Antioxidant
Type and specific 
characteristics Sodium erythrobate
Microbiological
characteristics
TVC
Salmonella spp
Coagulase positive staphylococci
E. coli
I < 10^  cfu/g 
I Absence in 25g 
I < 50 cfu/g 
< 1 cfu/g
Physicochemical
characteristics pH 7-1
Taste Neutral
Color WhiteOrganoleptic
characteristics Odor NeutralTexture Solid
Appearance Crystal
Storage
Conditions
Time : max 12 months
Temperature : 18-20T
Humidity : 30-40%
Use instructions Antioxidant should be spread equally to ground meat and fat tissue during cutting
...........
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A p p e n d ix  c) Bacteriocin producing cultures
Production
protocol
- Thawing of Lacfobacilhts sakei 1154 culture
- Inoculation of an activated Lactobacillus sakei 1154 culture in 10 ml 
MRS broth at 30 for 24 h (1% inoculum, v/v)
- Final growth in 250 ml MRS broth (10 -^10  ^cfu/g) (1% inoculum,
v/v)
- Addition in 25 kg of product (10 -^10  ^cfu/g) after centrifugation of 
the culture and resuspension of the cells in phosphate buffer (50mM, 
pH 6.5) of the same volume
Storage
conditions
Stoke culture:
- At -20"C for 6 months (maximum) in MRS broth supplemented with 
20% (v/v) glycerol
- Resuscitation of culture after 6 months storage period 
Working culture:
- At 4^ C for 2 weeks
Usage
instructions 24h, the fresher the better
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A p p e n d ix  d) Semi-purified bacteriocins
Production
protocol
Storage
conditions
Usage
instructions
- Inoculation of Leuconostoc mesenteroides E l31 in 2-lt MRS broth 
(1% inoculum, v/v)
- Incubation at 25 "C for 24 h
- Centrifugation (10,000 xg, 4^ C for 30 min)
- pH adjustment of supernatants at 6.5 with ION NaOH
- Saturation of supernatants up to 40% under continuous stirring (slow 
addition of ammonium sulphate at 0-4®C).
- Overnight stirring at 4°C
- Collection of pellicle and suspension in 25 ml of 0.05 M sodium 
phosphate buffer, pH 7
- Collection of pellet with centrifugation (10,000 4®C for 30 min) 
and suspension in 25 ml of 0.05 M sodium phosphate buffer, pH 7
- Integration of the two suspensions (50 ml final volume) 
(measurement of the activity, ca.2560 AU/ml)
- Addition of 50 ml in 100 kg of meat product of the above semi- 
purified bacteriocin will give activity of 1280 AU/kg
- Use the semi-purified bacteriocin at the same day in sausage 
production or store in a refrigerator and use the next day
- Add the semi-purified bacteriocin gradually to the batter
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A p p e n d ix  e) Mixture characteristics
Ingredient Percentage (%)
Meat 66
Fat 28
Nitrite curing salt 2.5
Sugars mixture 1.0
Bacteriocin
producing
cultures
1.0 (inoculum concentration of Lactobacillus sakei 1154 culture 10^  
cfu/g)
Spices-
antioxidant 1.5
Temperature -3°C
pH 5.9-6.0
a^v 0.95-0.96
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rIngredient Percentage (%)
Meat 67
Fat 28
Nitrite curing salt 2.5
Sugars mixture 1.0
Semi-purified
bacteriocins
0.05 (bacteriocin concentration of El 31 1280 AU/kg in the final 
mixture)
Spices-
antioxidant
Temperature
pH
1.5
-3°C
5.9-6.0
0.95-0.96
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A p p e n d ix  f) Production stages characteristics
Raw material 
storage Partially frozen meat (-5"C) should be cut to flakes 5x5 cm
Fat Precutting Particles size 3 mm
Ingredient Temperature while Pre Cutting -15°C
Ingredients O rder T em perature o f  basic 1 M ixing
raw m aterials Speed
Meat 1 -5°C Low
Fat 2 -15”C Low
Salt ~ Low
Sugars 4 Low
Spices 5 Low
Cutting/Mixing Bacteriocin producing 
cultures or j Lowsemi-
purified
bacteriocins
Antioxidant 6 Low
,  ^  ^ i Size of meat and fat tissue Indicate the final point o f  the production stage -, - ^ \ pieces 2-3 mm
Mixture Temperature -3"C
Filling Casing type Synthetic, fibrousCasing size 60mm diameter
Vacuum filling 650 mm Hg
Fermentation
Conditions
T em perature and R elative H um idity (R H ) are gradually reduced until the end  
o f  ferm entation  process
Temperature 23-24°C
Phase 1 
(Beginning of 
fermentation)
Duration -
Humidity 92-94%
Circulation 0.5 m/sec
Temperature 17-18°C
Phase 2 (End of Duration of fermentation process 7 days
fermentation) Humidity 80-82%
Circulation 0.5 m/sec
Ripening C on stan t tem perature and RH after the seventh day until the end o f  w hole
Conditions process
Temperature 14-15°C
Phase 3 Duration 23-28 days
(Ripening) Humidity 76-78%
Circulation 0.1 m/sec
Smoking Smoking Practice Smoker (Sawdust beech)
Temperature 19-20T
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Duration 1 2 h (fourth day) and 3 h (fifth day)
Circulation i 0.5 m/sec
Storage in 
factory
Temperature 1 0-4”C
Duration 1 Until 10-20 days
Humidity
Sliced
1 Slicing Thickness : 3mmOther: Weight: 5 g per slice. Diameter: 58mm
Vacuum* | MAP^ NormaP
Packaging PackagingMaterial
- Low oxygen 
penneability foils 
- Multilayered foils 
polyethylene / 
polyamide and 
EVOH
- Low oxygen 
penneability foils 
- Multilayered foils 
polyethylene / 
polyamide
- Low oxygen 
penneability foils 
- Multilayered foils 
polyethylene / 
polyamide
Cold Chain
(distribution, 
storage at the sale 
1 point etc.)
Temperature 7-10"C 7-lO T 4”C
Humidity normal normal normal
Shelf Life 30 days 60 days 14 days
Labelling
-packaging 
-ingredients 
-storage data 
-best before data 
-manufacturing data
-packaging 
-ingredients 
-storage data 
-best before data 
-manufacturing data
-packaging 
-ingredients 
-storage data 
-best before data 
-manufacturing data
Directions to the final Consumer
- In refrigerator 
until best before 
date
- After opening of 
packaging to be 
used within 14 days
- In refrigerator 
until best before 
date
- After opening of 
packaging to be 
used within 14 days
- In refrigerator 
until best before 
date
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Non Sliced
Vacuum* MAP^ NormaP
Packaging PackagingMaterial
- Low oxygen 
permeability 
- Multilayered foils 
polyethylene / 
polyamide
- Low oxygen 
penneability 
- Multilayered foils 
polyethylene / 
polyamide
- Low oxygen 
permeability 
- Multilayered foils 
polyethylene / 
polyamide
Cold Chain Temperature 7-10°C 7-10°C 4°C
(distribution, 
storage at the sale 
point etc.) Humidity normal normal normal
Shelf Life 180 days 240 days 30 days
Labelling
-packaging 
-ingredients 
-storage data 
-best before data 
-manufacturing data
-packaging 
-ingredients 
-storage data 
-best before data 
-manufacturing data
-packaging 
-ingredients 
-storage data 
-best before data 
-manufacturing data
Directions to the final Consumer
- In refrigerator 
until best before 
date
- In refrigerator 
until best before 
date
- In refrigerator 
until best before 
date
1. Vacuum
Multilayered foils PA/PE and EVOH for sliced product; Multilayered foils PA/PE 
for non-sliced product; Low oxygen permeability of the foils (< 35 cm^ m'^ day"' at
2 r c )
2. MAP Content
80% N2 + 20% CO2; Multilayered foils PA/PE; Low oxygen penneability of the 
foils (< 35 cm^ m"^  day"' at 23°C)
3. Normal 
atmosphere (if 
aOplicabie>
Multilayered foils PA/PE; Low oxygen permeability o f the foils (< 35 cm^ m"^  day"' 
at 23”C); Manual foil wrapping
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A p p e n d ix  g) Final product characteristics (at the end of production)
Final Product 
Name
 ^ , . Packaging Vacuum-sliced and 1 Salam iaeros Method non-sliced
Organoleptic
features
Taste Piquancy with mild acid taste
White pieces of fat tissue distributed in red piecesAppearance
Odor Good light aroma
Texture Firm
Physicochemical
features
pH 4.9-5.1
[H2 O] % 21.5-25.0
a% 0.80-0.83
[NaCl] % 3.4-4.0
Microbiological
Features
TVC 7.93-8.51 logcfug'
LAB 8.07-8.43 log efu g''
Yeasts and 
moulds Absent
Listeria
monocytogenes Absence in 25g
Staphylococcus
aureus < 10 cfu/g
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A p p e n d ix  h) Early signs of unacceptable product
Final Product 
Name Salami aeros
1 Packaging 
1 Method
Vacuum-sliced and 
non-sliced
Taste Tangy
Organoleptic
features
Appearance Meat pieces are dark red and fat tissue pieces are yellowish
Odor Unpleasant aroma
Texture Firm
pH 4.9
Physicochemical [H2 O] % less than 25%
features a\\ 0.81-0.83
[NaCl] % less than 4%
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Conclusions
The benefits arising from th is  project can  be sum m arized as follows:
• A collection of 150 stra ins in to tal of lactic acid bacteria  and  
150 stra in s in to tal of micrococci which have been isolated and  
identified
• Isolation and  identification of a  bacteriocin producing lactic 
acid stra in  [Leuconostoc mesenteroides)
• Use of Lactobacillus sakei as bio-protective s ta rte r in 
ferm ented sausages
• Semi purified or purified bacteriocin of Leuconostoc 
mesenteroides to be used  in ferm ented sausages
• Semi purified or purified bacteriocin of Lactobacillus sakei to 
be used  in ferm ented sausages
• Semi purified and  purified bacteriocin production protocols for 
Lactobacillus sakei and  Leuconostoc mesenteroides SOPs 
(Standard O perating Procedures) for the production of traditional 
sausages with the u se  of bioprotective cu ltu res a n d /o r  
bacteriocins
Future work
Lactobacillus curvatus L442 and  the sem i-purified bacteriocin of the 
stra in , could be validated in industria l tria ls to evaluate w hether the 
p roduct (fermented sausages) m aintain  the technological 
characteristics and the  traditional quality characteristics. L. curvatus 
L442, a  stra in  isolated from a  ferm ented sausage and  th u s  an  
organism  well adapted  to th is environm ent and  its bacteriocin, 
curvaticin L442, is active against L. monocytogenes, a  common 
pathogen in ferm ented m eats. The ability of th is m olecule to retain  
activity u n d er tem perature  and  pH conditions prevailing in m eat 
ferm entations m akes it a  good candidate as a biopreservative in such  
ferm entations, while the producer stra in  itself m ay be useful as a  
protective sta rte r culture.
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